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PRE AND POSTHARVEST MANAGEMENT FOR THE QUALITY AND SHELF LIFE
OF STRAWBERRY FRUIT
Ijaz Akhtar and Abdur Rab
Department of Horticulture, The University of Agriculture, Peshawar, Pakistan.
January, 2014
ABSTRACT
Four experiments were conducted during the strawberry growing season from
October 2007 to April 2008 to investigate the quality and shelf life of strawberry
fruits in relation to irrigation interval (from flowering to fruit maturity), stage of
fruit maturity at harvest, the perforated packaging material used during storage,
and postharvest treatment of the fruit with various sources and concentrations
of calcium. Irrigation was applied at intervals of every 4, 6, 8, 10, 12, or 14 days.
Maximum fruit weight, fruit volume, fruit moisture, and ascorbic acid content
declined with increasing irrigation intervals and ranged from an average of 12 g,
17 cm3, 86%, and 59 mg per 100 g of fruit, respectively, when the plants were
irrigated every 4 days to 8 g, 13 cm3, 80%, and 38 mg per 100 g of fruit,
respectively, when the plants every irrigated 14 days. However, titratable acidity
(1.5%) and sugar concentrations (6.3% reducing sugars, 2% non-reducing
sugars, and 8.3% total sugars) were highest when the plants were irrigated
every 8 days, while total soluble solids (9%) and the sensory quality score (8)
were highest when the plants were irrigated every 10 days. Evaluation of the
fruit storage performance revealed that disease incidence was unaffected by
irrigation interval, but the maximum percentage of marketable fruits (95%) and
the longest shelf life (9 days) were recorded when plants were irrigated every
10 days. Fruits were also harvested at three different maturity stages (pink, red,
and dark red) and analyzed immediately for physiochemical quality. Fruit
harvested at the pink stage had the highest moisture content (92%), titratable
acidity (1.3%), and ascorbic acid content (50 mg per 100 g) but a low sensory
quality score (4), while fruit harvested at the red stage had superior sensory
quality score (7), optimum moisture content (91%), TSS (6%), titratable acidity
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(1.3%), TSS/acid ratio (4.6), and ascorbic acid content (40 mg per 100 g).
Delaying harvest to the dark red stage increased TSS (6.1%), TSS/acid ratio
(5.3) and the sensory score (8) but resulted in the lowest moisture content
(89%), titratable acidity (1.1%) and ascorbic acid (32 mg/100 g). Strawberry
fruits were also harvested at the three different maturity stages and were stored
for 8 days in perforated packages. In this case, dark red fruit had the highest
TSS (8.7%) and sugar/acid ratio (6.9) but the shortest storage life (6 days).
Perforated packages had a significant effect on storage performance. The
maximum percentage of marketable fruit (94%) and the longest storage life (8
days) occurred in packages with 18 perforations. Various calcium sources and
concentrations were effective in improving fruit storage and shelf life by
decreasing fruit weight loss, reducing sugars, total sugars and acidity; delaying
loss of organoleptic quality; and increasing TSS and the sugar/acid ratio. Fruit
treated with 1.5% calcium from calcium gluconate had the highest number of
marketable fruit (100%) and total soluble solid (7.8%), the longest shelf life (10
days), and the lowest weight loss (5.5%) among the treatments tested. In
conclusion, irrigating the plants every 10 days, harvesting the fruit at the red
stage for fresh consumption or storing in perforated packages with 18
perforations, and treating the fruit postharvest with 1.5% calcium from calcium
gluconate are effective means of retaining fruit quality and extending shelf life
of strawberry. These recommendations would be beneficial for the strawberry
growers, whole sellers, processors and researchers and it will be helpful for the
uplift of the newly flourishing strawberry industry in Pakistan.
.
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1. GENERAL INTRODUCTION
Strawberry (Fragaria x ananassa. Duch) belongs to family Rosaceae and it is
grown through out the world (Childer, 1980). The fruit of strawberry is small in size and
astringent at immature stage. The mature fruit is sweet in taste with a soft and juicy
texture (Kader, 1991).
Nutritional value of strawberry fruit
The strawberry fruit is a good source of vitamin C and its juice contains several
minerals (Johnson and Peterson, 1974; Alvarez et al., 2014). It is estimated that 100
grams edible portion of strawberry contain 88.9% water and 34 k calories energy. In
addition it contains 0.7 g protein, 0.3 g fat, 8.5 g carbohydrates, 1.2 g crude fiber, 0.4
g ash, 0.03 mg thiamin (B1), 0.03 mg riboflavin (B2), 0.3 mg niacin, 40 mg B carotene,
52 mg vitamin C, 25 mg calcium, 30 mg phosphorus and 1.1 mg iron (Tajamal, 1985).
The major acids in strawberry fruit are citric acid (0.73 - 1.58 g/100 ml) and malic acid
(0.22 - 0.69 g/100 ml) in accordance with soluble solids (Kallio et al., 2000).
Strawberry Origin and History of Cultivation
The Romans are believed to be well aware about the cultivation of strawberries
even before the Christian era. Modern cultivation of strawberries (Fragaria x ananassa.
Duch) started about 200 years ago in France and then some improved varieties were
introduced to America in 1800’s (Welsh, 2009). Some old natural hybrids of strawberry
are found along the west coast of British Columbia south to northern California. Most
of the old species such as Fragaria vesca and Fragaria moschata cultivated in Europe
and France for centuries are now rarely in cultivation due to their low production as
compared to modern cultivars belonging to Fragaria ananassa (Childer, 1980).
Strawberry cultivation in Khyber Pakhtunkhwa (KP)
Khyber Pakhtunkhwa has a wide range of climates suitable for strawberries
cultivation (Parveen et al., 2012). Strawberry can be cultivated as a perennial crop at
about 915 meters above sea level and as an annual crop at lower altitudes. Strawberry
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is a minor fruit crop in Khyber Pakhtunkhwa as well as in Pakistan and cultivated on a
limited area (Rauf et al., 1998). The annual production of strawberry in Pakistan was
25000 tons from an area of 1000 hectare while in Khyber Pakhtunkhwa was 15000
tones from an area of 600 hectare in the year 2014 (Sherin, 2014; Muhammad, 2014).
The average yield per hectare in Pakistan is as low as 25 tons/hectare compared to 56
tons/hectare in other strawberry growing countries of the world. (FAO, Stat., 2012).
This may be due to poor horticultural practices, lack of appropriate research work and
lack of economic and market knowledge of strawberry cultivation among the growers
(Aslam and Rasool, 2012).
Strawberry cultivation in Khyber Pakhtunkhwa was started in 1983 by "Rafhan
Maize Products, Faisalabad" in Swat district. The company introduced 300 plants of
three varieties of strawberry (Tuft, Sakoya and Tayoga) in the Province (Shah, 1995).
The strawberry cultivation spreads in Swat and later on to Mardan and Charsadda
districts. Besides selling fruit, progressive growers of Swat district sell strawberry
runners to small growers (Rauf et al., 1998). Experiences demonstrate the agro
ecological suitability of Swat for perennial cultivation of strawberry (Bhatti, 1995). In
Pakistan, Swat, Charsadda, Mardan, Islamabad, Lahore, Jhelum, and Sargodha are
the major strawberry growing areas, which supply strawberry to Peshawar, Islamabad
and Lahore markets (Ghani, 1995). In these markets the supply of strawberry starts
from mid March to mid May. The average wholesale price usually ranges between Pak.
Rs. 150/kg to 200/kg depending upon the quality of the produce and demand in the
market (Bhatti, 1995).
Strawberry is an intensive and demanding enterprise. The harvest of strawberry
begins in early summer and generates income when few other fruit crops are available
(Ahmad and Uddin, 2012). The most important benefit which a farmer can avail is its
sowing and harvesting periods which do not collide with the sowing and harvesting
dates of other crops due to which a farmer can easily accommodate its labor
requirements (Parveen et al., 2012). Strawberries are sold in Pakistan mostly in fresh
form in fruit shops, super markets and road side shops in strawberry producing areas.
Some portion of the produce are processed and preserved in the form of squashes,
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Jams, jelly and marmalade (Rauf et al., 1998). Storage of strawberry on commercial
scale is not practiced in Pakistan due to its highly perishable nature, lack of proper
storage facilities, technical expertise and awareness among the strawberry growers
(Aslam and Rasool, 2012).
Soil and Climatic Requirement
Strawberry can be grown successfully in sub-tropical, tropical and temperate
climates and various soil types with suitable moisture, good drainage and essential
nutrients (Shoemaker, 1978). Nitrogen is required at an early growth stage, for normal
vegetative growth and flower production (Albregts and Howard, 1980). The strawberry
requires an open, sunny site with fertile and well drained soil (Bird, 2002)
Sandy to sandy loam soils with good drainage and pH of 5.5 - 7.5 are suitable
for strawberries production. Soil depth is not important in most cultural systems, since
plants develop shallow root systems. Most of the roots of the strawberry are found in
the top 15 cm of soil. The strawberry does not grow well in poor drained soils. Water
logging results in death of old roots and new roots fail to develop properly (Westwood,
2009).
Strawberries have low chilling requirements, below 4°C for 500 hours to break
dormancy and the plants are sensitive to winter freezing (Wang and Millner, 2009).
Crowns of most of the varieties are died at -5 to -10°C. The soil provides some
protection to the runners, but mulch must be provided in areas with harsh winters. The
best temperature for strawberries growth and development is 15-20°C (Shoemaker,
1978). Short days and cool temperatures favors reproductive growth, whereas long
days and warm temperature enhance leaf and runner production (Kader, 1991).
Propagation
Propagation by seed is not desirable in strawberry as the seedlings do not come
true to the type. Therefore strawberry is propagated by the division of rooted runners.
The runners are usually removed from the soil in the nursery, made into small bundles
and then shifted into strawberry producing farms. (Wang and Millner, 2009).
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Propagation through runners carries all parental characteristics but may also transmit
viral diseases, if the parent plants are already infected (Barbara, 2009). This problem
is solved by large scale commercial propagation by tissue culture in the developed
countries. Using the meristem tip culture, a million or more plants can be produced
annually from a single meristem tip (Westwood, 2009).
Soil Preparation and Plantation
Preparation of soil is an important task before planting of strawberry runners.
The soil is prepared by repeated ploughing and removal of weeds and stubbles.
Strawberry runners are usually planted from October to November (Parveen et al.,
2012). Planting of runners in October and November produces low yield in the first year
as compare to early planting (Giani, 1968). Early planting during July-August is
possible only in moderate warmer areas, however, needs adequate care to protect
plants from strong sunshine or dry soil conditions (Shoemaker, 1978). In areas having
extreme summer months (June-August) plantation is not possible due to very high
temperature, which kills the newly planted runners. In those areas, strawberry is grown
as an annual crop and October-November are the best months for new plantation
(Giani, 1968).
Strawberry plants are planted 20-30 cm in single or double rows 40 to 60 cm
apart on 15-20 cm high raised beds. In double hill rows, plants are set alternately. In
this system, a large number of plants are set in a unit area and removal of runners is
difficult due to more population and overcrowded roots (Wang and Millner, 2009). Care
should be taken while planting strawberry to prevent damage and drying of roots of the
runners (Shoemaker, 1978). After separation of runners and before transplanting,
water should be provided at regular intervals to the runners to reduce water loss.

Flowering and Pollination
The flowers of strawberry are 1-2 cm wide, with white petals, 25-30 stamens
and 50-500 pistils on a raised, yellow conical receptacle. The center most terminal
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flower opens first and is the largest in size, producing the largest fruit (Giani, 1968).
Subordinate flowers and later opening flowers are smaller, have fewer pistils and
produce smaller fruit (Welsh, 2009). Most of the strawberry cultivars produce
hermaphrodite flowers. However, imperfect pistillate or strictly female cultivars require
cross pollination (Shoemaker, 1978). The anthers open at the sides so that the pollen
is thrown onto pistils. Pollens are usually at first heavy and sticky but later become dry
and are carried by wind. Despite some wind pollination, bees are important agents in
cross pollination of strawberry (Giani, 1968).
Fruit
Strawberry is a true fruit and commonly known as achene, a small one seeded
fruit developed from a single carpel. Generally achenes are found an aggregate form
and known an aggregate/multiple fruit (Green, 1971). The edible portion is swollen
receptacle (Westwood, 2009). The fruit can be termed aggregate since many pistils of
the same flower form the fruit, but are also termed as accessory fruit because
nonovarian tissues make up the edible portion (Shoemaker, 1978). Fruiting begins in
the spring after fall planting and continues for 3 to 4 years in cooler areas. The fruit,
however, decrease in size and quality after the first year (Bird, 2002). The strawberry
fruit mature rapidly in 20 to 50 days after pollination depending on cultivar, soil and
environmental conditions (Giani, 1968).
Pests and Diseases
Red spider mite, cut worm, thrips and blossom weevil are the important insect
pests of strawberry while the important diseases include powdery mildew, leaf spot
and verticilium wilt (Ceponis et al., 1987). Strawberry fruits are also sensitive to fungal
decay and grey mold. Majority of the strawberry diseases are caused by different types
of fungus (Batta, 2007; Atress et al., 2010). Other postharvest diseases of strawberries
include rhizopus rot and leather rot (Kader, 1991).
Postharvest handling
Freshness is a quality criteria of great importance to the consumer and a large
number of attributes contributes to the freshness of produce (Peneau et al., 2007).
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Postharvest handling plays a very important role in maintaining the freshness and shelf
life of strawberry fruit (Kader, 1991). Strawberry is highly perishable fruits due to high
respiration rate and rapid weight loss (Park et al., 2005). Fungal infection of strawberry
fruit is another major cause of limited postharvest life, which depends on fungal
pressure and susceptibility of strawberry to infection (Schouten et al., 2002). Thus, the
postharvest life is short (1-2 days at room temperature). Therefore the strawberry fruit
loose its market value rapidly after harvest. The postharvest life of strawberries can be
extended by several techniques combined with refrigeration (Debeaufort et al., 1998).
Starch, carrageenan and chitosan (Polysaccharide) coatings can be used to extend
the shelf life of strawberry fruit. Edible coatings application of chitosan was found
effective in maintaining quality of the strawberry fruits and control postharvest diseases
during cold storage (Han et al., 2004). The rate of loss of firmness was greater in one
cultivar of strawberry than the other during the total storage period (Hansawasdi et al.,
2004).
Irrigation in Relation to Postharvest Life and Quality
Strawberry production and uses has increased through out the world recently
and as a result the water uses for cultivation have also increases to a great extent. To
solve the problem, limited water application techniques have been introduced as a
potential alternative for improved quality production of horticultural crops (Kumar and
Dev, 2010). The concentration of aromatic compounds can be altered by a proper
irrigation management (Modise et al., 2006). Limited water application from flower
initiation stage to fruit harvesting is a valid and tested method for increasing the
percentage of aroma and taste-related compounds in strawberry fruits and it will not
affect strawberry fruit size (Bordonaba and Terry, 2010). Similarly, Yuan et al. (2003)
investigated that an increase in irrigation water application increases number of berries
and yield per hectare but decreases fruit quality. Strawberry fruits produced with deficit
irrigation are normally more resistant to diseases having prolonged shelf life (Modise
et al., 2006). Excessive irrigation can contribute to nutrient leaching and disease
development (Sistrunk and Morris, 1985).
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Harvesting Stage, Fruit Quality and Storage Performance
Color and visual quality are important maturity attributes of the strawberry fruit
(Guiwen, 1991). According to Kader (1991) proper harvest time of strawberry fruit is
estimated on the basis of surface color of the strawberry, however, firmness, flavor and
nutritional value are also important quality characteristics. The fruit color development
of strawberry occurs due to a particular anthocyanin. The strawberry is a non
climacteric fruit, thus, do not ripen off the plant and must be picked at or near the fully
ripe stage to obtain the best eating quality (McGlasson, 1985). However, fruit harvested
at fully ripe (Dark Red) stage are characterised by a short postharvest life (Mitchell,
1985) and susceptibility to decay (Ceponis et al., 1987). The strawberry fruit soften
during ripening process due to the increase of pectin solubility and a reduction of the
molecular mass of hemicelluloses (Martinez et al., 2004). By contrast, early harvested
strawberries at white stage may change color and turn red during storage due to
increased anthocynin concentration (Veazie et al., 1995) but little changes in sugar
and acid content take place to attain the desirable quality for fresh consumption (Kalt
et al., 1999).
It is important to harvest strawberry fruit at optimum stage of maturity allowing
the organic acid differences among cultivars appeared early during development, while
differences in soluble sugars appeared during maturation (Moing et al., 2001).
Experiment conducted by Nunes et al. (2002) who harvested chandler strawberry at
three-quarter color and fully red stage and stored in air and control atmosphere of 5%
oxygen plus 15% carbon dioxide at 4 and 10°C to evaluate the influence of fruit maturity
and storage temperature on response to controlled atmosphere, it was found that fruit
harvested at three quarter colored stage (75%) responded better to control atmosphere
packages than fully red fruit, maintaining better appearance, firmness and color over 2
weeks of storage, while achieving similar acidity and TSS with minimum fruit decay
and losses. Pineli et al. (2010) evaluated the quality and antioxidant characteristics of
two varieties of strawberry at different ripeness stages.
The highest total soluble solid content was found at ripe stage but higher total
phenolics, total ellagic acid and the highest vitamin C content were observed at pink
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stage. However, anthocyanins increased during ripening, which contributed to reddish
color as well as better flavor but the total antioxidant contents and activities were higher
at pink stage due to higher amounts of total phenolics, total ellagic acid and vitamin C.
Modified Atmosphere Packaging
Modified atmosphere packaging (MAP) generally refers to enclosure within a
sealed semi-permeable plastic film, in which the oxygen (O 2) is lower and carbon
dioxide (CO2) is higher than the concentrations found in fresh air.
The strawberry fruit quality can be maintained and shelf life extended by
applying different scientific techniques along with cold storage (Mitchell, 1985). The
use of proper packaging is among the various techniques used to retain fruit quality
during storage and increases the storage life. Improved packages are design to control
the amount of carbon dioxide and oxygen during cold storage of strawberry fruit
(Exama et al., 1993; Jouki and Khazaei, 2013). Improved packages reduce the rate of
respiration, decreases handling damages and maintain freshness and quality of the
fruits (Kirad et al., 2003). Modified atmosphere packages can be beneficial for reducing
weight loss and spoilage during storage (Artes et al., 2006; Ozkaya et al., 2009).
Postharvest Calcium Application
Different types of calcium salts are commonly used for quality maintenance and
extension of storage life of fruits and vegetables (Conway et al., 1994). The most
commonly used calcium sources as preservative for strawberry quality maintenance
are calcium nitrate, calcium gluconate and calcium chloride (Asrey and Jain, 2004).
Calcium application delays fruit ripening, reduces decay, control physiological
disorders and increases the calcium content of the fruit (Poovaiah, 1986). Different
concentrations of calcium and ascorbic acid as preservative can be effective for
strawberry shelf life extension (Asrey and Jain, 2004). Calcium treated strawberry fruits
retained sugars and organic acids during cold storage (Cheour et al., 1991). Calcium
application is also found to decrease the rate of fruit senescence and ripening and may
delay cell wall breakdowns associated with fruit softening thus prolonging shelf life
(Glenn et al., 1988).
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Objectives
Despite wider adoptability and attractive price, the cultivation of strawberry is
still limited. The major constraint for expansion of strawberry cultivation is its high rate
of perishability (Garcia et al., 1998). Long term storage and marketing is not as easily
accomplished as it is in many other fruits (Park et al., 2005). Keeping in view the
importance of strawberry in Pakistan in general and in Khyber Pakhtunkhwa in
particular, the present study was initiated to evaluate the influence of pre and
postharvest management on the quality and storage performance of strawberry fruit.
The specific objectives of the study were:
1. To determine the influence of irrigation interval on strawberry fruit quality and
storage performance.
2. To determine the influence of maturity stages on the quality of strawberry fruit for
fresh consumption
3. To determine the influence of harvesting stages and packaging conditions on the
storage performance of strawberry fruit.
4. To determine the influence of postharvest calcium applications on quality and
performance of strawberry fruit.

2. GENERAL REVIEW OF LITERATURE
A number of methods and procedures are used to retain and improve the quality
of strawberry with the extension of storage life. Some of the important research work
done by researcher to maintain and improve strawberry fruit quality and decreases
postharvest losses are briefly reviewed.
Irrigation Management
The production of strawberry fruits has increased over the past few years and
as a result the water uses for production have risen to a greater extent. For the efficient
use of water for horticultural crops, deficit irrigation has been used as a potential
alternative for new cultivation (Kumar and Dev, 2010). The concentration of aroma
compounds can also be altered by proper irrigation management (Modise et al, 2006).
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Bordonaba and Terry (2010) reported that limited amount of water application
from flower initiation stage to fruit harvesting has increased the concentration of aroma
and taste-related compounds in strawberry fruits and did not affect the fruit size in
strawberry.
Clark et al. (1996) investigated water use for drip irrigated strawberry plants and
the effects of soil tension management levels on fruit yield and drip irrigation water
requirement for three years. Soil tension levels did not affect strawberry fruit yield while
irrigation decreased with increasing soil tension threshold.
Genetic variation could be utilised in breeding programs for improved drought
tolerance in strawberry. Grant et al. (2010) stated that first step in breeding for
improved water use efficiency (WUE), is to determine the extent of adaptation to limited
water availability already existing between cultivars. Results have shown that response
of strawberry cultivars toward scarcity of water is not the same and it depends on the
type of the cultivar.
Hong et al. (2009) investigated the influence of light and irrigation on strawberry
production and stated that if the strawberry field receive irregular light and the field
water holding capacity is low, it will affect strawberry production. Drip irrigation should
be tested in such areas for proper light reception and water management in fields.
Mulching can help in reducing soil moisture content. Kumar and Dev (2010)
investigated the effect of different types of mulches on root growth, nutrient uptake,
water use efficiency and yield of strawberry cultivar “Chandler” under deficit irrigation
and surface irrigation systems. They reported that under deficit irrigation, 51% of
irrigation water was saved with 19% yield increase as compared to surface irrigation
application.
Water deficit can also be avoided by partial root zone drying. Liu et al. (2007)
studied the effects of partial root-zone drying as compared to deficit irrigation and full
irrigation on strawberry and reported that partial root zone drying had no advantage
compared to deficit irrigation in terms of berry yield and water use efficiency. Pineli et
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al. (2010) concluded that water stress/shortage normally increases and expedites fruit
maturity by increasing total soluble solids and ascorbic acid contents of strawberry fruit.
The response of strawberry plants also varies in relation to growth stages.
Modise et al. (2006) investigated the response of strawberry plants to different levels
of water stress at different growth stages with the aim of influencing the nature and
quantities of aroma flavour compounds. They reported that water stress influenced
concentration of aroma compounds in strawberries, depending on the time of harvest
and levels of stress induced to the plants. Similarly Parikka (2003) studied the effect of
irrigation method on the quality and storage life of strawberry fruit produce in natural
environment. The irrigation method had no significant effect on the storage life and
quality of fruit.
Stefanelli et al. (2010) stated that most of the strawberry growers apply large
amounts of water for irrigation with excess nitrogen to enhance production but it has
negative affects on fruit quality as well as secondary plant metabolites and vitamins
content within fruits. The contents of flavonoids, carotenoids, glucosinolates and
ascorbic acid are negatively affected by excess use of water and nitrogen. Yuan et al.
(2003) studied the effects of drip irrigation under a green house on the growth and yield
of strawberry plants. They applied different amounts of water and their effects on berry
yield and fresh weight of individual fruit were recorded. An increase in irrigation water
application increases number of berries and yield per hectare. It also increases
individual berry weight and volume but decreases fruit quality.
Cold Storage
Strawberry is highly perishable fruit due to high respiration rate, rapid weight
loss and susceptible to fungal infections. The storage life is dependent on the rate of
respiration and is limited to 1-2 days at room temperature (Day, 1990; Jouki and
Khazaei, 2012). The most common method to extend the storage life of strawberry fruit
is low temperature storage. Postharvest life of strawberries can also be extended by
several techniques combined with cold storage (Church, 1994; Holcroft and Kader,
1999).
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Hansawasdi et al. (2004) stated that a slight change in color take place during
cold storage at 0 C in fresh strawberries. The rate of loss of firmness was greater in
one cultivar than the other during the total storage period. The total soluble solids (TSS)
content decreased in one cultivar of strawberry, but there was only a slight change in
the other. Titratable acidity decreased and reducing sugar content increased at the
same rate during low temperature storage of both cultivars. Vitamin C content was
reduced after 16 and 12 days storage in both cultivars. According to Jin et al. (2010)
the antioxidant capacity and flavonoid contents of strawberries fruit produced with
organic culture is higher than those produced through normal culture and low
temperatures storage slow down decay and control antioxidant activities.
Ruiz et al. (1997) reported that reducing sugars (glucose and fructose) contents
increases while sucrose (non reducing sugar) contents of the strawberry fruit hydrolysis
and converted in to glucose and fructose during storage. Vicente et al. (2006) stated
that heat-treated fruit showed lower decay and less tissue damage than control fruit,
however higher activity, low senescence and pathogen attack was found in case of
heat treated fruits during storage. Fernando et al. (2004) stated that strawberries stored
at 0°C maintained acceptable quality for a long storage period, but berries stored at
temperatures higher than 0°C showed higher content of aroma compounds and
antioxidant capacity during storage and after storage.
Nunes et al. (1995) stated that when pre-cooling was delayed, it resulted in
about 50% greater moisture loss than control. Tissue firmness was 14-22% lower in
fruits from the delayed treatment. Fruits were also darker, less bright and less red with
the cooling delay. Pre-cooling and storage at low temperature is very important for
maintaining good appearance, texture and eating qualities. Nunes et al. (1995) stored
strawberry fruits at low temperature, to find out the effect of cooling and storage on the
quality variables of strawberry fruit. Non significant difference in pH of strawberry fruits
was observed. Pelayo et al. (2003) studied the postharvest life and flavor quality of
three strawberry cultivars. Fruit color was not affected by CO 2 treatments. The
postharvest life based on appearance was 7, 9 and 9 days. Strawberry fruit stored in

37

air was extended by 2, 2 and 4 days respectively, by the application of CO 2 (20 kPa
CO2 at a rate of 150 ml/min).
Cordenunsi et al. (2003) reported that storage at low temperature prolonged
strawberry postharvest life with only minor changes in edible quality of the strawberry
fruit. Storage life length and quality of the fruit mainly depend on different varieties of
strawberry. Miszczak et al. (1995) stated that fresh weight loss of strawberry, color
change and anthocyanin contents were temperature and light related during cold
storage. Wills and Kim (1995) reported that strawberry is a non-climacteric fruit and it
is independent of ethylene for ripening. Experiments conducted at 20 and 0°C showed
that ethylene concentration was controlled and the storage life of strawberries was
extended by reducing the ethylene level. Maximum storage of strawberries was
obtained at the lowest ethylene levels used (0.05,ul 1-l at 20°C and
0.005 ,uI 1-l at 0°C).
Batta (2007) stated that main postharvest diseases are caused by different
types of fungus. Strawberry fruit treated with invert emulsion protected the fruit from
primary postharvest pathogens for 2 months, reduced the decay up to 86% and
prolong the shelf life at cold storage. Similarly, Schouten et al. (2002) stated that
postharvest life of strawberries is largely limited by fungal infection at cold storage. It
is assumed that there are two factors influencing the keeping quality, the fungal
pressure and the resistance of the strawberry to infection. Tanaka et al. (2007) also
reported that far infrared radiation may be an alternative to conventional methods
because it can achieve rapid and contact less heating to prevent fungal spoilage of
strawberry during storage and extend shelf life.
Harvesting Stage, Fruit Quality and Storage Performance
McGlasson (1985) stated that strawberry is a non climacteric fruit that must be
picked at or near the fully ripe stage to obtain the best eating quality, they do not ripen
off the plant, hence strawberry should be harvested at a proper maturity stage to gain
high quality, consumer acceptance, market demand and prolong shelf life. Kalt et al.
(1999) investigated that white strawberries become red during storage but do not
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undergo sufficient changes in sugar and acid content to be suitable for fresh
consumption. Kader (1991) reported that proper harvest time of strawberry fruit is
estimated on surface color of the berry but appearance, firmness, flavor and nutritional
value are also important quality characteristics. Gunness et al. (2009) developed a new
method for measuring variation in strawberry fruit characteristics at different stages of
maturity both by sensory evaluation and physicochemical analysis. Similarly, Guiwen
(1991) stated that size and color are important visual quality attributes of the strawberry
fruit. Strawberry cultivars produce fruit of a characteristic size and color. Fruit color is
the result of a particular anthocyanin. The synthesis of phenols rapidly decreased as
fruit developed, but the amount per fruit slowly increased. The concentration of
anthocyanins was low during the fruit development stage, but at ripening showed a
very quick increase just in 3 days.
Jetti et al. (2007) studied ten strawberry cultivars grown in California and
Oregon, USA. They measured aroma producing compounds in strawberries and stated
that the percentage of aroma compounds varied from cultivar to cultivar at different
stages of maturity. Kallio et al. (2000) reported that the most common and important
sugars in strawberry fruit are glucose, fructose (reducing sugars) and sucrose (nonreducing sugar) while major acids are citric acid and malic acid. Total sugar c ontents
changes from cultivar to cultivar according to total soluble solids at different stages of
maturity. Martinez et al. (2004) stated that strawberry fruit soften during ripening
process due to the increase of pectin solubility and a reduction of the molecular mass
of hemicelluloses. Moing et al. (2001) stated that genetic factors affect strawberry fruit
development, quality and changes in metabolite concentrations. At maturity, significant
differences were observed among cultivars for most of the metabolites studied.
Organic acid differences among cultivars appeared early during development, while
differences in soluble sugars appeared during maturation.
Nunes et al. (2002) harvested chandler strawberry at three-quarter color and
fully red stage and stored in air and control atmosphere of 5% oxygen plus 15% carbon
dioxide at 4 and 10°C to evaluate the influence of fruit maturity and storage
temperature on response to controlled atmosphere. Three quarter colored fruit
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responded better to control atmosphere packages than fully red fruit, maintaining better
appearance, firmness and color over 2 weeks of storage, while achieving similar acidity
and TSS with minimum fruit decay and losses.
Similarly, Pineli et al. (2010) evaluated the quality and antioxidant
characteristics of two varieties of strawberry at different ripeness stages. The highest
total soluble solid content was found at ripe stage. At pink stage, higher amounts of
total phenolics, total ellagic acid and highest content of vitamin C was foun d.
Antioxidant activity was higher at green stage than at pink and ripe stages.
Anthocyanins increased during ripening, which contributed to reddish color. Ripe
berries had a better flavor and were more appreciated. Further more, antioxidant
contents and activities were higher at pink stage, with higher amounts of total
phenolics, total ellagic acid and vitamin C for both cultivars. Veazie et al. (1995)
reported that strawberry fruit picked at different maturity stages from green till full ripe
showed decrease in ethylene production when color changes from green to full ripe
while the anthocynin concentration increased between the white and pink stages.

Packages and Storage Performance
Packaging material play an important role in retaining postharvest quality (Kirad
et al., 2003) and extension of storage life (Mitchell, 1985). Allende et al. (2007)
recommended modified atmosphere packaging (MAP) for strawberry storage and
concluded that fruit quality of all samples were good after storage, except for
strawberries packed in MAP were slightly lower in flavor as compared to strawberries
stored in air after 9 and 12 days of storage. Similarly, Celikel et al. (2005) studied the
effects of modified atmosphere packages (MAP) on storage of strawberry fruits and
they stated that MAP significantly prolonged the storage life of strawberry fruits by
maintaining the fruit quality.
Almenar et al. (2006) also worked on controlled atmosphere storage technology
to prolong the storage life of strawberry fruit. The effect of gas composition on TSS
content, TA, pH, flavor, aroma and consumer preference was noticed. The result
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showed that 10% carbon dioxide and 11% oxygen combination can quickly extend the
shelf life of strawberries by maintaining quality parameters within acceptable values,
by inhibiting the development of diseases, without significantly modifying consumer
acceptance. Smith (1992) stored strawberry at 0% to 18% carbon dioxide and 15% to
21% oxygen. Fresh fruits stored at controlled atmosphere indicated that the addition of
CO2 to the storage environment enhanced fruit firmness. Fruit stored at 15% carbon
dioxide for 18 hours was 48% firmer than untreated fruits.
An et al. (2009) studied the effect of hypobaric conditions on respiration rate,
reduced O2 and slightly raised CO 2 concentrations created by the hypobaric treatment
on respiration in terms of oxygen consumption and carbon dioxide production. More
careful hypobaric conditions resulted in lower respiration rates of the stored products.
According to Bower et al. (2003), strawberry quality declines rapidly after harvest and
the deterioration is accelerated by ethylene. Moreover neither the removal of ethylene
from the storage environment nor treatment with ethylene inhibitor (1-MCP) is cost
effective method for extending the storage life of strawberry.
Artes et al. (2006) investigated packaging material and the number of
perforation in packages and reported that weight loss in strawberry fruit is influenced
by packing material and the perforation number in packages. The weight loss in
unperforated bags were 1.3% in polyvinyl chloride packages and 0.3% in low density
polyethylene packs (LDPE), while strawberries stored in perforated polyethylene
packages were 3.8%. At the end of shelf life the highest fungal attacks were found in
Perforated Polyethylene packs (41.8%), while strawberries stored in Polyvinyl Chloride
and LDPE showed less than 7%. Strawberries wrapped in LDPE maintained taste only.
Kirad et al. (2003) studied the response of different packaging materials and
chemicals on the shelf life of strawberry. Correlation study highlighted that total weight
loss was positively and significantly correlated with specific gravity, total soluble solids
and ascorbic acid. Specific gravity was positively and significantly correlated with total
titratable acidity and total ascorbic acid. Total soluble solid was significantly and
positively correlated with total sugar and total ascorbic acid. Total sugar was positively
correlated with ascorbic acid.
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Nunes et al. (1995) conducted experiment on pre cooling and packaging and
reported that when cooling before storage was delayed it resulted in less attractive
strawberry fruits and decreased the quality characteristics. They also reported that
wrapped strawberries maintained better appearance and quality than non wrapped
strawberries. Silva et al. (1999) stored strawberries in jars fitted with a short tube to
modify the interior atmosphere. The package was placed in a controlled atmosphere
of 14.8% oxygen plus 8.3% carbon dioxide at 7°C followed by storage in air at 19°C
and reported that it was possible to maintain atmospheres that were close to the
desired atmospheres for the products at both temperatures.
Chemical Treatments and Retention of Fruit Quality
Chemical treatments have also been investigated to extend the shelf life and
retain the quality of strawberry fruit. Asrey and Jain (2004) investigated the influence
of different concentrations of calcium nitrate (0.5, 1.0, and 2.0%), calcium chloride
(0.05, 0.10, and 0.20%) and ascorbic acid (0.01, 0.02 and 0.05%) on the shelf life of
strawberry fruit and reported that 0.05% calcium chloride prolong the shelf life to 9
days. This influence was attributed to lower acid, moderate TSS and higher sugar
contents, while Calcium chloride treated fruits were more acceptable to consumer due
to their better appearance but higher vitamin C content and minimum weight loss was
observed with dipping the strawberry fruit in 0.05% ascorbic acid. Similarly, Castello et
al. (2010) stated that calcium application had beneficial effects on the maintenance of
the strawberry sample texture and over all fruit quality.
According to Cheour et al. (1991) that strawberry fruit contained low quantity of
calcium and is thus, affected more by applying calcium from any outer source. Lara et
al. (2004) stated that calcium treatments delayed fruit ripening slightly, prolong shelf
life and not harmful to external appearance of the fruit. Application of calcium retains
higher levels of pectins and contributed to maintaining cell walls structure, hence
slowed down the degradation of cell walls during ripening, thus extends the shelf life
of calcium treated fruits. Pilar et al. (2006) stated that calcium applications were found
beneficial in controlling decay, fruit rot and firmness loss as compared to control and
hence prolong storage life. Aguayo et al. (2006) stored strawberry fruit at 5°C and
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reported that the combine effect of 1-MCP + CaCl2 + CA slowed down softening,
deterioration rates, decline in titratable acidity and microbial growth resulting in 9 days
shelf life as compared to control, which had a shelf life of 6 days. Similarly, Mo and
Sung (2007) reported that phenyl ethyl alcohol (PEA) treated fruit had significantly
lowers weight loss and high moisture contents than the control group. Phenyl ethyl
alcohol (PEA) treatment also decreased the rate of decline in titratable acidity, ascorbic
acid and sugars. Thus, it maintained the aroma of strawberry fruits stored for 15 days
and was similar to that of fresh strawberries.
Chunran et al. (2005) stated that strawberries are highly perishable having short
shelf-life. Chitosan is an ideal preservative coating material for fresh berries due to its
antifungal and film-forming properties. However, chitosan coating may develop
astringent taste and fruits value in the market decreases. Park et al. (2005)
recommended chitosan 2% that can be used as a natural antimicrobial coating on fresh
strawberries to control the growth of fungus, thus extending shelf-life of the fruits.
Mesbah et al. (2007) stated that salicylic acid (SA) at all concentrations effectively
reduced fruit ethylene production and fungal decay and maintained overall quality of
the strawberry fruits. Ribeiro et al. (2006) studied the effects of starch, carrageenan
and chitosan (Polysaccharide) coatings to extend the shelf life of strawberry fruit. No
significant color change was found and minimum firmness loss was obtained in
strawberries coated with carrageenan and calcium chloride. The minimum weight loss
was found in fruits treated with chitosan and carrageenan coatings with calcium
chloride. Han et al. (2004) used edible coatings of chitosan to strawberry fruits at
postharvest stage. The application was found effective in maintaining quality of the
fruits and control of postharvest diseases during cold storage.
Reza et al. (2007) reported that storage life was positively increased by the use
of putrescine which decreases ethylene production and thus as a result decreased
spoilage and rot during storage. Khosroshahi et al. (2007) stated that different types of
putrescine prolong the shelf life of strawberry. The treated fruits had double shelf life
as compared to control. Garcia et al. (1998) applied starch based coatings to extend
the storage life of strawberries stored at 0°C and 84.8% relative humidity. Coatings
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made with starches with higher amylose content decreased weight losses and retained
fruit firmness longer than coatings formulated with medium amylose content starches.
EXPERIMENT 1
EFFECT OF IRRIGATION INTERVAL ON THE QUALITY AND STORAGE
PERFORMANCE OF STRAWBERRY FRUIT
Ijaz Akhtar and Abdur Rab
Department of Horticulture, The University of Agriculture, Peshawar, Pakistan.
January, 2014
ABSTRACT
The effect of different irrigation intervals on the quality and storage performance of
strawberry fruit was investigated during strawberry growing season from October 2007
to April 2008. Fruit from plants irrigated every 4, 6, 8, 10, 12, or 14 days were analyzed
for physicochemical characteristics both at harvest and after 8 days of storage at 5±2°C
and 90% relative humidity (RH) in perforated plastic packages. Fruit weight (11.84 g),
volume (16.51 cm 3), moisture content (86.35%) and ascorbic acid content (58.67
mg/100 g) decreased with increasing irrigation intervals, while reducing sugars
(6.31%), non reducing sugar (2.01%), total sugars (8.32%), and titratable acidity
(1.51%) were highest from plants irrigated every 8 days and total soluble solids (9.04%)
and organoleptic quality (8.00) were highest from plants irrigated every 10 days. Fruit
shelf life and the percentage of marketable fruit after storage were likewise the highest
from plants irrigated every 10 days, but disease incidence was not affected by irrigation
interval. The highest total soluble solids (9.37%) and total sugars (8.79%) from plants
irrigated every 10 days were recorded after 8 days of storage, where the highest
organoleptic quality score was recorded from these plants at harvest (i.e., no storage).
Thus, while shorter irrigation intervals may be optimum for fresh market consumption,
longer irrigation intervals of up to 10 days increased the retention of fruit quality and
extended the shelf life during storage.
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1.1 INTRODUCTION
Strawberry (Fragaria x ananassa. Duch) belongs to family Rosaceae. It is the
most widely grown berry of the world (Childer, 1980). It is a small, juicy, nutritious fruit
and is an excellent source of vitamin C and other important minerals (Johnson and
Peterson, 1974; Lester et al., 2012). Strawberry is generally adapted to a wide range
of climatic conditions and is grown from the tropics to the artic and on different soils
with adequate moisture, good drainage and available nutrients (Shoemaker, 1978;
Rahman et al., 2014). The fruits are perishable and hence its quality deteriorates during
postharvest handling and storage (Kader, 1992). According to National Commission of
Pakistan on Agriculture, the post harvest losses in fruits and vegetables range from
20-40% (Mahmood and Sheikh, 2006). The postharvest life of horticultural produce is
determined by the rate of respiration (Day, 1990), ethylene production (DeEll, 2006)
and tenderness. Postharvest handling of fruits and vegetables is a serious problem
through out the world (Kader, 1992). The rate of respiration and ethylene production
can be decreased by storage at low temperature (Kader, 2002). It is characterized by
high rate of water loss (Kader, 1991) and high susceptibility to fungal decay during
storage (Ceponis et al., 1987). The loss of fresh weight, color change and anthocyanin
contents of strawberry fruits depends on storage temperature (Miszczak et al., 1995).
Thus low temperature storage is the most common method used to extend storage life
(Kader, 2002). Preharvest factors such as fertilizers application and irrigation may also
influence the quality and storage performance of strawberry fruit (Yuan et al., 2003).
Water and nitrogen application is essential during early growth stages for bud
differentiation and flowering in strawberry (Albregts and Howard, 1980) and, thus,
increasing the yield (Macarthur and Eaton, 1987). However, excess application of
water and nitrogenous fertilizer can result in excessive foliage, increased susceptibility
to pathogens, poor performance and survival after transplant, fruit softening and late
ripening (Strand, 1994). Excess water application can adversely affects the produce
quality as well as secondary plant metabolites and vitamins content of the fruits (Yuan
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et al., 2003; Stefanelli et al., 2010). In Pakistan the common method of irrigation for
strawberries is flood irrigation through water channels linked with canals. A well established canal irrigation system is functional in Pakistan and frequent water is
available for agriculture lands lying under the canal system. The growers use frequent
irrigation for getting vigorous crop, large size fruit and higher yield. They have no idea
about water use efficiency, quality produce and prolong postharvest life. Water is
relatively inexpensive input to increase the yield as compared to other inputs and
improved management (El-Farhan and Pritts, 1997). However, increased yield and
size of individual berries is achieved at the cost of fruit quality and postharvest
performance. Fleshy and large size berries are low in aromatic compounds, inferior
fruit quality and taste, susceptible to fungal attack and hence low postharvest life (Yuan
et al., 2003). Deficit irrigation has been seen as a potential alternative for strawberry
cultivation. Under this system of irrigation, 51% of irrigation water was saved, nutrient
uptake improved and about 19% higher fruit yield was obtained as compared with
surface irrigation treatment (Kumar and Dev, 2010). A Proper irrigation management
may increase the concentration of aroma compounds (Modise et al, 2006) with out
decreasing the fruit size (Bordonaba and Terry, 2010). Excess irrigation is especially
a serious threat to strawberry fruit quality in warmer region of production, where more
frequent irrigation is required and the fruits are poor in aroma (Modise et al., 2006).
Keeping in view the importance of water application in relation to fruit yield and quality,
the present experiment was designed to investigate the influence of irrigation intervals
on the fruit quality and storage performance of strawberry fruit.
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1.2. MATERIALS AND METHODS
The experiment on “Effect of irrigation intervals on the quality and storage
performance of strawberry fruit” was conducted at district Charsadda during strawberry
growing season from October 2007 to April 2008. Charsadda district is located
between 34-03o and 34-38o north latitudes and 71-28o and 71-53o east longitudes. The
altitude of Charsadda district is 276 meters. The soil of the experimental field was
analyzed before the start of experiment and results are given below (Table 1.1).
Table 1.1. Physico-Chemical analysis of experimental field soil, village Serkai,
Charsadda
Textural

Percent

Major Elements (%)

Class

Class (%)

Class

CaCO3

Organic

N

P

0.03

7.98

K

pH

EC

Clay

Silt

Sand

Matter
Loamy
soil

12.50

0.69

93.70

8.20

0.15

21.20

48.00

30.80

The soil was medium in texture, low in organic matter, nitrogen and phosphorus
contents. Potassium was medium in the soil while soil pH and soluble salts were with
in the safe limits. Proper dose of NPK and farm yard manure was applied on the
recommendation of soil expert before launching the experiment. The runners of the
strawberry cultivar “Chandler” were acquired from Agriculture Research Institute,
Mingora, Swat and planted in the month of October, 2007. The experiment was laid
out in two factorial randomized complete block design (RCBD) arrangements i.e.
irrigation interval and storage duration while three study parameters i.e. disease
incidence, marketable fruits and shelf life purely related to storage were analyzed by
RCBD one factor. The treatments were replicated four times. The data was analyzed
using analysis of variance technique appropriate for RCBD and computer software
(Statistix-9) was used. The means were separated by least significant difference (LSD)
at 5% level of probability as described by Steel and Torrie (1980). The soil was
properly ploughed three times and raised beds, 20 cm high and 45 cm wide were made
and the strawberry runners were planted on both sides of the raised beds at 20 cm
apart from each other. The plants were irrigated at 6 days interval as a normal practice
in the area. The irrigation intervals treatments were started when the plants
approached the flowering stage. The plots were irrigated at 4, 6, 8, 10, 12 and 14 days
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intervals after the flowering stage to the harvesting stage. During the period of the
experiment (March-April), the experimental field was protected from rain fall with plastic
sheets mounted over 3 meters high. Data was recorded on different physical and
chemical quality characteristics of strawberry fruits immediately after harvest (Day 0 of
storage) or 8 days storage at 5±2 °C and 90% R.H. For estimating the shelf life, a
separate set of 50 fruits from each treatment and replication was stored separately.
The shelf life was estimated when 15% fruits showed the symptoms of physical
deterioration.
Physical Quality Characteristics at Harvest
Fruit Weight (g)
The average fruit weight was approximated by randomly taking 20 fruits and
weighing individual fruits. Their average weight was calculated by the formula.
Weight of 20 fruits
Average fruit weight =
20
Fruit Volume (cm 3)
The average fruit volume was estimated by water displacement method. For
this purpose volume of 20 individual fruits were taken at random was calculated by
using a graduated cylinder. Individual strawberry fruit was placed in the graduated
cylinder having water to a certain mark. The rise of water level after putting the fruit
was recorded. The change in water level was assumed as the volume of the fruit.
Average volume was calculated by the formula.
3

Totalvolumeof 20 fruits

Average fruit volume (cm ) =

20
Moisture (%)
Moisture % was estimated by using oven drying method according to the
procedure mentioned by AOAC, 2005.
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W1 W2
x 100

Moisture% =

W1
W 1 = Fresh strawberry sample weight
W 2 = Dried sample weight
Sensory Evaluation
Strawberry fruits irrigated at different intervals were evaluated at harvest and after 8
days storage by a panel of judges for fruit qualities as color, taste, aroma, texture and
overall acceptability through sensory observation according to the method proposed
by Larmond (1977). Samples were presented to trained judges to compare them and
assigned those scores between 1-9, where 1 represented extremely disliked and 9
presented extremely liked from a printed proforma.

Chemical Quality Characteristics at Harvest
The chemical quality attributes of strawberry fruit were determined by using
different analytical techniques as described below.
Total Soluble Solids (%)
The total soluble solids (TSS) of strawberry fruit was determined by hand
refractometer according to the procedure mentioned by AOAC, 2005. The juice from
sample fruit was thoroughly mixed and a drop of juice was placed on the slab of brix
refractometer and covered with a transparent led. The rotation was observed through
the eye piece of the equipment and reading was noted.
Total Sugars (%)
Reducing and non reducing sugars were determined by Lane Eynon Method as
reported by the AOAC (2005).
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Reducing Sugars (%)
Reagents:
Fehling-A:

dissolved 34.65 g of CuSO4 in 500 ml distilled water

Fehling-B: dissolved 173 g Sodium Potassium Tartarate + 50 g of NaOH in 500 ml
distilled water
Indicator: Methylene blue was used as color indicator
Procedure
Ten ml of strawberry sample was taken in 100 ml volumetric flask and the
volume was made up to the mark with distilled water. The burette was filled with this
solution. Then 5 ml each of Fehling-A and B solution along with 10 ml of distilled water
was taken in a conical flask. The flask was heated till boiling without disturbing. Sample
solution was added drop by drop from the burette into the flask while boiling till the
color became brick red in the flask. A few drops of methylene blue were also added as
indicator in the boiling solution without shaking the flask. When color changes from red
to blue for a moment, reduction was not completed, then added more juice solution
from the burette in the flask solution till red color remains constant. .
Calculations
5 ml of Fehling-A + 5 ml of Fehling-B = X ml of 10% syrup solution = 0.05 g of reducing
sugar.
0.05x100
100 ml of 10% sample solution contain
Yg
X ml
Y x100
Reducing sugar in sample =
10
Non Reducing Sugar (%)
Procedure
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of reducing sugar

Ten milliliter of strawberry sample was taken in 100 ml flask, the volume was
raised to 100 ml mark with distilled water and then 0.20 ml of this solution along with
10 ml of 1N Hydrochloric acid was added in the flask. This solution was heated for Ten
minutes. After cooling 10 ml of 0.1N sodium hydroxide was added and made the mark
up to 250 ml. This sample solution was then taken in a burette. Then 5 milliliter Fehling
A and B solution along with 10 ml of distilled water was taken in a flask and boiled.
When boiling started, it was titrated against the strawberry solution from the burette till
changed to red brick color. It was tested by adding a few drops of methylene blue as
indicator till the end when red color remain constant.
Calculations
X ml of solution contains = 0.05 g of reducing sugar
250x0.05
y g of reducing sugar

50 ml of syrup solution contain =

X ml
This 250 ml of syrup solution was prepared from 20 ml of 10% sample solution contain
Y x 100/20 = Pg reducing sugar
P x 100
100 ml of sample solution contain =

Qg of totalreducing sugars
10

Qg of reducing sugar = inverted sugar + free reducing sugar
Non reducing sugar = Total reducing sugar – free reducing sugar.
Titratable Acidity (%)
Percent acidity of strawberry fruit was determined by Acid Neutralization Method
(AOAC, 2005).
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Principle
The strawberry sample of unknown acidity was titrated with a standard 0.1N
sodium hydroxide solution. The completion of the reaction was noted by using
phenolphthalein as indicator and light pink color showed the end point. The percent
titratable acidity was calculated as under:
0.1NaOH used x0.064
Acidity (%) =

x100 x10
Ax B

A= Sample taken for dilution
B= Sample taken for titration
Acid factor= 0.0064
Sugar Acid Ratio
Sugar acid ratio was obtained by dividing percent sugar with percent acidity of
strawberry fruit.
Total Sugars
Sugar/Acid =

Titratable Acidity
Ascorbic Acid (mg/100 g)
Vitamin C in strawberry sample was determined by Titrimatric Method, the
procedure was followed as explained by AOAC (2005).
The following steps were involved in this method:
•

Preparation of dye solution: The dye solution was prepared by taking 50 mg 2,
6 dichlorophenol indophenol and 42 mg sodium bicarbonate and dissolving in
hot distilled water and making the volume to 250 ml.
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•

Preparation of standard ascorbic acid solution: Fifty mg of standard ascorbic
acid was taken in 50 ml volumetric flask and the volume was made up to the
mark.

•

Preparation of 0.4% oxalic acid solution: Dissolve 0.4 gram oxalic acid in hot
distilled water in 100 ml volumetric flask and the volume was made up to the
mark.

•

Titration of sample: 10 ml of strawberry juice was taken in 100 ml volumetric
flask and volume was made by adding 0.4% oxalic acid. Ten ml of sample was
titrated against dye until light pink color persisted for 15 seconds. Three
consecutive readings were taken for each sample.

The ascorbic acid was calculated by the following formula:
F xT x10 x100
Ascorbic acid (mg/100 g) =

SxD
mgof Ascorbic Acid
F = Factor for standardization =

mlof
dye

T = ml of dye used for samples
S = ml of diluted sample taken for titration D
= ml of sample taken for dilution.
Storage Performance
Strawberry fruits from each plot (50 fruits with calyx) irrigated at different interval were
stored for 8 days at 5±2 °C and 90% R.H. in perforated (18 perforations of 0.5 cm
diameter) plastic packages of size (20x15 cm) and the storage performance was
recorded.
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Disease Incidence (%)
Disease incidence was recorded after storage by counting the number of fruits
with symptoms of diseases and the data was converted to represented percent disease
incidence.
Numberof diseased sample
Disease incidence % =

x100
Totalnumberof sample

Marketable Fruits (%)
Physically sound fruits, free from diseases, injury and damages were counted
at 8 days storage and the percentage calculated as under:
Number of marketable fruits
Marketable fruits (%) =

x 100
Totalnumber of fruits

Shelf Life (days)
Shelf life was determined by observing the marketable characteristics of
strawberry fruit on a daily basis. A separate set of strawberry fruits from each plot (50
fruits with calyx) irrigated at different interval were stored at 5±2 °C and 90% R.H. in
perforated (18 perforation of 0.5 cm diameter) plastic packages of size (20x15 cm).
The temperature and humidity inside the refrigerator was maintained and checked on
a regular basis. During storage, fruits were observed regularly and percentage of
marketable fruits on a daily basis were calculated by counting the number of
marketable (solid, firm, fresh and shiny) and unmarketable fruits (rotten, soften,
puncture, damaged). Fruit lot exhibiting 15% loss in desirability at any day was
considered as the maximum shelf life possible.
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1.3. RESULTS AND DISCUSSION
RESULTS
To evaluate the effect of irrigation intervals on the quality and storage performance of
strawberry fruit. The data were recorded on fruit weight, fruit volume, moisture,
organoleptic evaluation, total soluble solids, reducing sugars, non reducing sugars,
total sugars, titratable acidity, sugar acid ratio, ascorbic acid, disease incidence,
marketable fruits and shelf life. Data on these parameters are described below:
Fruit Weight (g)
Fruit weight was significantly affected by irrigation intervals, storage duration
and interaction of irrigation interval and storage duration (Table 1.2). Fruit weight for 4
days irrigation intervals was 12 g and was decreased by 33% with 14 days irrigation
interval treatment (Table 1.2). The data on storage duration indicated that the mean
fruit weight at harvest was 11 g, which decreased significantly to 9 g during cold
storage. The decrease in fruit weight during 8 days cold storage was 12%. The
interaction of irrigation interval and storage duration also significantly affected
strawberry fruit weight. The highest fruit weight (13 g) was recorded with the interaction
of 4 days irrigation interval and 0 days storage, followed by 12 g with the interaction of
6 days irrigation interval and 0 days storage while the lowest fruit weight (8 g) was
recorded by the interaction of 12 days irrigation interval and 8 days storage (Fig. 1.1).
Fruit Volume (cm 3)
Strawberry fruit volume was significantly affected by irrigation interval, storage
duration and the interaction of irrigation interval and storage duration (Table 1.2). The
maximum mean fruit volume (17 cm3) was recorded in fruits irrigated at 4 days interval,
followed by 16 cm3 with 6 days irrigation interval while the minimum mean fruit volume
(13 cm3) was noted in fruits irrigated at 14 days irrigation interval (Table 1.1). The fruit
volume constantly decreased with increasing the irrigation interval from 4 days till 14
days. The decrease in fruit volume from 4 to 14 days was 23%.
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Fruit volume was significantly affected by storage duration. The maximum fruit
volume (16 cm3) was recorded at 0 days storage while it reduces to 14 cm 3 during 8
days storage. The decrease in fruit volume during cold storage was 12%. Fruit volume
was also significantly affected by the interaction of irrigation interval and storage
duration. The maximum fruit volume (18 cm3) was recorded with the interaction of 4
days irrigation interval and 0 days storage, followed by 17 cm 3 with the interaction of 6
days irrigation interval and 0 days storage, while the minimum fruit volume (12 cm3)
was recorded with the interaction of 14 days irrigation interval and 8 days storage (Fig.
1.2).
Moisture (%)
The moisture content of strawberry fruits was significantly affected by irrigation
interval, storage duration and the interaction of irrigation interval and storage duration
(Table 1.2). The highest mean moisture content (86%) was recorded in fruits harvested
from plots irrigated at 4 days interval which decreased to 80% with 14 days irrigation
interval. The difference in moisture content is however, non significant for plots irrigated
at 4, 6, and 8 days intervals but declined significantly with extending irrigation beyond
8 to 14 days (Table 1.2). The decrease in moisture content from 4 to 14 days irrigation
interval was 7.3%. Fruit moisture content was also significantly affected by storage
duration. The mean fruit moisture content decreased from 90% to 79% during cold
storage, the decrease in moisture content was 11.4% (Table 1.2). The interaction of
irrigation interval and storage duration significantly affected moisture content of
strawberry fruit. The highest moisture content (92%) was recorded with the interaction
of 4 days irrigation interval and 0 days storage, followed by 92% by the interaction of 6
days irrigation interval and 0 days storage while the lowest moisture content (73%) was
recorded with the interaction of 14 days irrigation interval and 8 days storage (Fig. 1.3).
Sensory Evaluation
Strawberry fruits were evaluated organoleptically (sensory) after harvest and
storage for color, taste, aroma, texture and overall acceptability. The data given (Table
1.2) indicated that irrigation interval significantly affected the organoleptic quality score
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of strawberry fruits. The highest mean score (8) was recorded for fruits harvested from
plot, irrigated at 10 days interval. The lowest mean score (4) was recorded for fruits
harvested from plot irrigated at 4 and 14 days interval. The highest mean score (6) was
assigned to fruits at harvest (0 days) which declined to 5 during 8 days cold storage
(Table 1.2).
Total Soluble Solids (%)
The maximum mean TSS content (9%) was recorded with 10 days irrigation
interval followed by 8.9% with 12 days interval which decreased to the minimum of
7.3% with 4 days irrigation interval (Table 1.3). The total soluble solids (TSS) content
of strawberry fruit was significantly affected by storage duration. The TSS increases
from 7.9% to 8.8% during cold storage. The increase in TSS during 8 days storage was
10%. The TSS content was also significantly affected by the interaction of irrigation
interval and storage duration. The highest TSS (9.4%) was recorded with the
interaction of 10 days irrigation interval and 8 days storage duration, followed by 9.3%
with 12 days irrigation interval and 8 days storage duration while the lowest (6.6%) was
recorded with the interaction of 4 days irrigation interval and 0 days storage (Fig. 1.4).
The increase in TSS content with the interaction of irrigation interval and storage
duration from the lowest (6.6%) to the highest (9.4%) was 30%.
Reducing Sugars (%)
The data regarding reducing sugars revealed that irrigation interval, storage
duration and the interaction of irrigation interval and storage duration significantly
affected the reducing sugars contents of strawberry fruit (Table 1.3). The maximum
reducing sugars (6.3%) was recorded in fruits harvested from plot irrigated at 8 days
interval, followed by 6.2% at 10 days interval with the difference being non-significant
while the minimum reducing sugars 5.5% was recorded with 4 days irrigation interval.
A gradual increase in sugar content was found in relation to an increase in irrigation
interval till 8 days and then a gradual decrease was found till 12 days but the difference
was non-significant between 8 to 12 days irrigation interval. However, fruits harvested
from plots irrigated at 14 days interval had significantly lower (5.6%) reducing sugars
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as compared to 12 days irrigation interval. The storage duration significantly affected
the reducing sugars contents of strawberry fruit. The reducing sugar from 5.5% at
harvest increases to 6.5% during cold storage, the increase was 15.3% (Table 1.3).
The interaction of irrigation interval and storage duration also significantly affected the
reducing sugars content of strawberry fruit. The maximum reducing sugars (7.3%) was
recorded with the interaction of 12 days irrigation interval and 8 days storage, followed
by 7.1% with the interaction of 10 days irrigation interval and 8 days storage with the
difference being non-significant. The minimum reducing sugars (5.4%) was recorded
by the interaction of 4 days irrigation interval and 0 days storage (Fig. 1.5).
Non-Reducing Sugar (%)
The non-reducing sugar content of strawberry fruit was significantly affected by
irrigation interval and storage duration but the interaction of irrigation interval and
storage duration did not significantly affect the non-reducing sugar content of
strawberry fruit (Appendix 1.7). The highest non-reducing sugar (2.1%) was recorded
in fruits that received water at 6 days interval, followed by 2% and 1.9% with the
difference being non-significant. The minimum non-reducing sugar (1.4%) was
recorded in fruits harvested from plot that received water at 14 days interval. The fruits
collected from plots irrigated at 12 and 14 days interval showed non-significant
difference in non-reducing sugar contents. An increasing trend up to 6 days irrigation
interval and then a gradual decrease was noted from 8 to 14 days irrigation interval
while a non-significant difference was recorded in irrigation interval from 6-10 days and
12 to 14 days (Table 1.3). The storage duration also significantly affected the nonreducing sugar content of the strawberry fruit. The non-reducing sugar content of
strawberry fruit decreases from 2% at harvest to 1.5% during 8 days cold storage, the
decrease was 25%.
Total Sugars (%)
The total sugars of strawberry fruit was significantly affected by irrigation
interval, storage duration and the interaction of irrigation interval and storage duration
(Table 1.3). The highest mean sugar content (8.3%) was recorded in fruits harvested
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from plots irrigated at 8 days interval, followed by 8.2% with 10 days irrigation interval
and 8% with 6 days irrigation interval, however, the difference of 6, 8 and 10 days
irrigation interval was non-significant. The minimum total sugars (7%) were recorded
in fruits harvested from plot irrigated at 14 days interval (Table 1.3). The total sugars
of strawberry fruit was significantly affected by storage duration. The total sugars
increases from 7.5% to 8% after 8 days storage, the mean total sugars of strawberry
fruit was significantly higher (7.5%) at day 0 of storage (Fresh fruits) as compared to
8% after 8 days storage. The interaction of irrigation interval and storage duration also
significantly affected the total sugars of strawberry fruits. The maximum total sugars
(8.8%) was recorded by the interaction of 10 days irrigation interval and 8 days storage,
followed by 8.5% with the interaction of 12 days irrigation interval and 8 days storage.
The minimum total sugars (6.4%) were recorded by the interaction of 14 days irrigation
interval and 0 days storage (Fig. 1.6).
Titratable Acidity (%)
The titratable acidity of strawberry fruit was significantly affected by irrigation
interval but the storage duration and the interaction of irrigation interval and storage
duration did not significantly affect the titratable acidity (Appendix 1.9). The 8 days
irrigation intervals treatment produced titratable acidity of 1.5% compared to 1.3% from
fruit harvested from treatment plots of 6 and 10 days respectively (Table 1.4). The
minimum titratable acidity (1.1%) was recorded in fruits harvested from plot irrigated at
12 days irrigation interval (Table 1.4).
Sugar Acid Ratio
The sugar acid ratio of strawberry fruit was significantly affected by different
irrigation interval, storage duration and the interaction of irrigation interval and storage
duration (Table 1.3). The highest sugar acid ratio (6.4) was recorded in fruits harvested
from plot irrigated at 12 days interval, followed by 6.2 with 10 days irrigation interval,
however, the difference between the two values was nonsignificant. The minimum
sugar acid ratio (5.5) was noted in fruits harvested from plot irrigated at 8 days interval
(Table 1.4).
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The storage duration significantly affected the sugar acid ratio of strawberry fruits. The
sugar acid ratio decreased from 6.2 at 0 days storage to 5.5 during 8 days cold storage,
the decrease in sugar acid ratio was 10.3%. The interaction of irrigation interval and
storage duration also significantly affected the sugar acid ratio. The highest sugar acid
ratio (7.3) was recorded with the interaction of 12 days irrigation interval and 8 days
storage duration, followed by 6.8 with 10 days irrigation interval and 8 days cold
storage, while the minimum (5) sugar acid ratio was recorded with the interaction of 14
days irrigation interval and 0 days storage (Fig. 1.7).
Ascorbic Acid (mg/100 g)
The ascorbic acid content of strawberry fruit was significantly affected by
irrigation interval, storage duration and the interaction of irrigation interval and storage
duration (Table 1.4). The ascorbic acid content decreased with increasing the irrigation
interval. The highest ascorbic acid (59 mg/100 g) was recorded in fruits harvested from
plot irrigated at 4 days interval declined to the least (38 mg/100 g) with 14 days irrigation
interval (Table 1.4).
The storage duration significantly affected the ascorbic acid content of
strawberry fruit, the ascorbic acid declined from 47 mg/100 g to 44 mg/100 g during
cold storage, the decrease during cold storage was 7.2% (Table 1.4). The interaction
of irrigation interval and storage duration also significantly affected the ascorbic acid
content of strawberry fruit. The maximum ascorbic acid (61 mg/100 g) was recorded
with the interaction of 4 days irrigation interval and 0 days storage, followed by 56
mg/100 g with 4 days irrigation interval and 8 days cold storage. The minimum ascorbic
acid (37 mg/100 g) was noted by the interaction of 14 days irrigation interval and 8
days cold storage, the decline of ascorbic acid between the maximum (61 mg/100 g)
and minimum (37 mg/100 g) was 39% (Fig. 1.8).
Disease Incidence (%)
Disease incidence of the fruits during 8 days storage was not significantly
affected by irrigation interval (Appendix 1.12).
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Marketable Fruits (%)
The irrigation intervals significantly affected the marketable fruits at 8 days
storage (Appendix 1.13). The maximum numbers of marketable fruits were 95% in plot
irrigated at 10 days interval, followed by 92% and 91% in plots irrigated at 8 and 10
days interval respectively. The minimum numbers of marketable fruits were 86% in
plots irrigated at 4 and 6 days interval (Table 1.5).
Shelf Life (days)
Shelf life of strawberry fruits was significantly affected by different irrigation
intervals (Appendix 1.14). The maximum storage life (9 days) was observed in fruits
harvested from plot irrigated at 10 days interval, followed by 8 days with 8 days
irrigation interval and 6 days was recorded in fruits irrigated at 4 and 6 days intervals
(Table 1.5).
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Table 1.2. Effect of Irrigation Interval and storage duration on the physical quality
characteristics of strawberry fruit in growing season 2008.
Irrigation Intervals
(days)

Fruit Weight (g)

Fruit Volume
(cm 3)

Moisture (%)

Organoleptic
Evaluation

4

12 a

17 a

86 a

4d

6

11 b

16 b

86 a

5c

8

11 b

15 c

86 a

6b

10

9c

15 d

85 b

8a

12

8d

14 e

83 c

6b

14

8d

13 f

80 d

4d

LSD (0.05)

0.68

0.27

0.94

1

0

11 a

16 a

90 a

6

8

9b

14 b

79 b

5

LSD (0.05)

0.39

0.15

0.54

-----

Storage Duration (days)

Irrigation Interval x Storage Duration
Significance level

**

**

**

N.S

LSD (0.05)

0.97

0.38

1.33

-----

IxS

Fig: 1.1

Fig: 1.2

Fig: 1.3

-----

Means followed by similar letter(s) in column do not differ significantly from one another at P
= 0.05
** = Highly significant
N.S = Non significant
I x S = Interaction of Irrigation interval and Storage duration
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Fig. 1.1. Fruit Weight (g) of strawberry, as affected by irrigation interval and storage
duration.
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Fig. 1.2. Fruit Volume (cm3) of strawberry, as affected by irrigation interval and storage
duration. Error bars showing LSD at α 0.05
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Fig. 1.3. Moisture (%) of strawberry fruit, as affected by irrigation interval and storage
duration.
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Table 1.3. Effect of Irrigation Interval and storage duration on the chemical quality
characteristics of strawberry fruit
Irrigation Intervals
(days)

Total Soluble
Solids (%)

Reducing
Sugars (%)

Non Reducing
Sugar (%)

Total Sugars (%)

4

7.3 e

5.5 c

1.8 b

7.3 bc

6

8.2 d

6b

2.1 a

8a

8

8.2 d

6.3 a

2 ab

8.3 a

10

9a

6.2 a

1.9 ab

8.2 a

12

8.9 b

6.1 ab

1.5 c

7.6 b

14

8.3 c

5.6 c

1.4 c

7c

LSD (0.05)

0.07

0.21

0.21

0.32

0

7.9 b

5.5 b

2a

7.5 b

8

8.8 a

6.5 a

1.5 b

8a

LSD (0.05)

0.04

0.12

0.12

0.19

**

N.S

**

Storage Duration (days)

Irrigation Interval x Storage
Duration
Significance level
**
LSD (0.05)

0.11

0.29

-----

0.46

IxS

Fig: 1.4

Fig: 1.5

-----

Fig: 1.6

Means followed by similar letter(s) in column do not differ significantly from one another at P
= 0.05
** = Highly significant
N.S = Non significant
I x S = Interaction of Irrigation interval and Storage duration
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Fig. 1.4. Total Soluble Solids (%) of strawberry, as affected by irrigation interval and
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Table 1.4. Effect of Irrigation Interval and storage duration on the chemical quality
characteristics of strawberry fruit
Irrigation Intervals
(days)

Titratable Acidity (%)

Sugar Acid Ratio

Ascorbic Acid
(mg/100 g)

4

1.3 bc

5.6 bc

59 a

6

1.3 b

6 ab

50 b

8

1.5 a

5.5 c

46 c

10

1.3 b

6.2 a

42 d

12

1.1 c

6.4 a

39 e

14

1.2 bc

5.6 bc

38 f

LSD (0.05)

0.12

0.51

0.14

0

1.4

6.2 a

47 a

8

1.3

5.5 b

44 b

LSD (0.05)

N.S

0.29

0.08

Storage Duration (days)

67

Irrigation Interval x Storage Duration
Significance level

N.S

**

**

LSD (0.05)

-----

0.72

0.20

IxS

-----

Fig. 1.7

Fig. 1.8

Means followed by similar letter(s) in column do not differ significantly from one another at P
= 0.05
** = Highly significant
N.S = Non significant
I x S = Interaction of Irrigation interval and Storage duration
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Fig. 1.7. Sugar Acid Ratio of strawberry, as affected by irrigation interval and storage
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Table 1.5. Effect of irrigation intervals on disease incidence and marketable fruits after 8
days storage and shelf life of strawberry fruit.
Irrigation intervals
(days)

Disease Incidence (%)

Marketable Fruits (%)

Shelf Life (days)

4

5

86 c

6c

6

5

86 c

6c

8

3

92 ab

8 ab

10

2

95 a

9a

12

4

91 ab

7 bc

14

3

89 bc

7 bc

N.S

**

**

-----

4.48

1.15

Significance
Level
LSD (0.05)

Means followed by similar letter(s) in column do not differ significantly from one another at P
= 0.05
N.S = Non significant
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** = Highly significant

DISCUSSION
Effect of irrigation intervals on the quality and storage performance of strawberry fruit
are discussed as follows:
Fruit Weight
The fruit weight was significantly decreased with increasing irrigation interval.
The decreased in fruit weight due to extended irrigation interval has also been reported
by Bordonaba and Terry (2010) that limited application of water in strawberry fruit was
responsible for a reduction in fruit size and weight due to a decrease in fruit moisture
content. Similar results were also reported by Liu et al. (2007) that strawberry fresh
weight and fruit water content were significantly reduced in fruits produced under deficit
irrigation and partial root zone drying compared to full irrigation. The strawberry fruit
weight increased due to absorption of water and nutrients uptake when the amount of
irrigation water was increased (Yuan et al., 2003). The fruit weight during 8 days
storage was significantly decreased. The fruit weight loss during storage is a major
problem in postharvest life of fresh commodities as reduction in weight during storage
is a great loss to farmers and business men (Trevisan et al., 1999). Strawberry fruit
after harvesting and at storage loose weight due to moisture loss and shrink which
affect market value of fruit and consumer acceptance (Moing et al., 2001; Zhang,
2001).
Fruit Volume
Significantly negative correlation was showed between irrigation intervals and fruit
volume, the fruit volume decreases as irrigation interval increases. Since water is
essential for cell expansion, the greater volume of fruit with more frequent irrigation
may be due to cells expansion of strawberry fruit (Yuan et al., 2003). In a similar way
deficit application of water reduces strawberry fruit size and volume by decreasing cell
expansion (Liu et al., 2007). The fruit volume during storage decreases due to water
loss as strawberry is very perishable fruit due to high respiration rate (Park et al., 2005).
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The fruit volume was also significantly affected by storage duration. Fruit volume
decreases during storage due to weight loss and shrinkage of fruit (Yuan et al., 2003).
Strawberry fruit weight reduces due to its respiratory process, transpiration and some
processes of oxidation (Ayranci and Tune, 2003). Decrease in fruit volume during
storage is a sign of loss to fruit visual appearance, compactness, firmness and over all
acceptance by the consumer.
Moisture
A significantly negative correlation between irrigation intervals and fruit moisture
contents was observed, increase in irrigation interval decreases moisture contents of
the fruit. Strawberry fruit contains approximately 89.9% water (Considine, 1982). Thus,
limited water application reduces strawberry fruit moisture content and size (El-Farhan
and Pritts, 1997). By contrast increased water application results in higher fruit moisture
content because the fruit accumulate more water (Yuan et al., 2003).
Moisture content of strawberry fruit was also significantly affected by storage
duration and decreases during storage. Moisture loss during storage is a major
problem in postharvest life of horticultural commodities and is a serious concern of
farmers and business men (Trevisan et al., 1999). Strawberry fruit after harvesting and
at storage looses weight during storage due to moisture loss (Miszczak et al., 1995;
Moing et al., 2001; Zhang 2001). The weight loss in strawberry fruit stored at low
temperature remained negligible for initial two days, increased rapidly from day 3
onward (Youngjae et al., 2007). Strawberry contains 90% moisture and loss during
storage creates fruit shrinkage, dull appearance, loss of shiny color and freshness. The
overall consumer acceptability decreases and due to these reasons, strawberry
growers in Pakistan prefer to market the fruit with in the same day just after harvest
without taking care of the selling price due to complete loss of the produce
Sensory Evaluation
The lowest sensory score recorded by the panelists may be due to inferior fruit
quality having high and low moisture content, low sugar acid ratio and minimum total
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soluble solids at 4 and 14 days irrigation interval as compared to fruits harvested from
plot irrigated at 10 days irrigation interval. Peneau et al. (2007) reported that fruit quality
and freshness as determined by sensory evaluation is a reliable method to estimate
consumer acceptance. Sensory evaluation of strawberry fruits were conducted for
color, taste, aroma and texture and scored by judges for each quality variable
separately according to 9-point hedonic scale as mentioned in the materials and
methods 1.2 by Larmond, 1977. The overall acceptability was calculated by taking
mean of all the quality variables. Aroma is one of the most important fruit qualities which
attract consumer. Aroma of different fruits including strawberry can easily be judge
through sensory evaluation (Lester et al., 2012). Organoleptic quality of strawberry fruit
can be improved by the application of deficit irrigation to certain level. Limited water
application influences concentration of aroma compounds in strawberry fruits (Modise
et al., 2006). Deficit water application in strawberry increases dry matter contents of
the fruit, by concentrating the sugars and organic acids. High dry matter contents
increases the concentrations of sugars and some acids and thus improves eating
quality (Bordonaba and Terry, 2010). Leon et al. (2007) also reported that deficit
irrigation increases total soluble solids contents of strawberry fruit and thus improves
fruit quality.
Total Soluble Solids
A significantly positive correlation was showed by TSS content and irrigation
interval. The total soluble solids content of strawberry fruit significantly increases with
the increase in irrigation interval up to 10 days. Since, the fruit moisture content
decreases with increasing irrigation interval from 4-14 days, the higher concentration
of TSS may be due to lower moisture content of the fruit (Modise et al., 2006). Total
soluble solids increases with an increase in irrigation interval to 10 days but extending
irrigation interval to 14 days resulted in significantly lower TSS. The decline in TSS may
be due to decrease in photosynthesis activity (Leon et al., 2007) or due to conversion
of sugars in to aromatic compounds, a natural process occurred in severe water deficit
condition in fruits (Bordonaba and Terry, 2010).

72

During fruit development and storage, the TSS contents generally increases
(Abeles and Takeda, 1990). According to Pineli et al. (2010) highest total soluble solids
contents in strawberry fruit after storage, may be due to more moisture loss (Nunes et
al., 2002). The increase in TSS during cold storage may be due to moisture loss as
reported by Kirad et al. (2003) that total weight loss of fruit was positively and
significantly correlated to total soluble solids.
Reducing Sugars
The reducing sugars contents of strawberry fruit increases with an increase in
irrigation interval to certain level. The reducing sugars contents are generally higher,
when fruit experience water deficiency at the time of development (Modise et al., 2006)
as evident from the observation of Bordonaba and Terry (2010), who reported
significant increase in dry matter content in fruit harvested from plots that received
deficit irrigation and this increase in dry matter content was attributed to increased
concentrations of sugars and some acids. However, the significant decline in reducing
sugars at 14 days irrigation interval may be due to decreased photosynthesis (Leon et
al., 2007 ) or due to conversion of sugars to aroma compounds (Bordonaba and Terry,
2010).
Reducing sugars content of strawberry fruit also increases during storage (Ruiz
et al., 1997) due to conversion of sucrose to glucose and fructose (Sturm et al., 2003).
It is due to this reason that glucose and fructose are the predominant sugars of
strawberry (Kafkas et al, 2007; Basson et al., 2010). The increase in reducing sugars
during cold storage could also be due to the reason that fruit packed in perforated
packages allow some moisture loss, hence increases concentration of reducing sugars
(Artes et al., 2006).
Non-Reducing Sugar
The non-reducing sugar content of strawberry fruit decreases with an increase in
irrigation interval. The decrease in non-reducing sugar content at extended irrigation
may be due to the utilization of carbohydrates in the process of respiration at this stage
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by the strawberry plant (Day, 1990; Park et al., 2005). Sturm et al. (2003) reported that
the amount of different types of sugars increases at the final stages of maturity. Water
stress normally expedite fruit maturity and the increase in nonreducing sugar cont ent
to certain level may be due to the accumulation of more dry matter content including
sucrose (Modise et al., 2006). Furthermore, non reducing sugars contribute to the
structural and storage carbohydrates and hence may be less sensitive to modest
changes in irrigation interval (Stefanelli et al., 2010).
The non-reducing sugar content of strawberry fruit decreases during storage. It
has also been reported that non-reducing sugar content of strawberry fruit decreases
during storage due to the conversion of sucrose in to glucose and fructose (Ruiz et al.,
1997). Similarly the strawberry fruit during storage may result in hydrolysis of the cell
wall and juice vesicles (Echeverria et al., 1989), it is likely to observe the decrease in
non-reducing sugars with storage duration (Asif et al., 2004).
Total Sugars
It has been reported by Bordonaba and Terry (2010) that deficit irrigation (DI)
significantly increased the dry matter content of strawberry fruit and this increase was
attributed to total soluble solids comprising sugars and some organic acids. Leon et al.
(2007) also concluded that strawberry fruit with deficit irrigation treatment had higher
level of dry matter contents as compared to regularly irrigated strawberry plants. It has
been reported that sugar content in strawberry fruit gradually increased during
development and further at storage (Moing et al., 2001; Kirad et al., 2003) with a
constant increase in total soluble solids (Pineli et al., 2010). The increase in total sugars
could be as high as in fruit of full size (Cordenunsi et al., 2003; Mahmood et al., 2012).
The increase in total sugars of strawberry fruit during storage, could be due to the
reason that fruits stored allow some moisture loss, hence increases sugar
concentration of strawberry fruit at storage (Kirad et al., 2003). Total weight loss of fruit
was positively and significantly correlated to total soluble solids, a higher value of TSS
is directly related to total sugars of fruits (Chang and Chang, 2010).
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Titratable Acidity
The titratable acidity of strawberry fruit increases with an increase in irrigation
interval to certain level and then decreases. Titratable acidity of fruits depends on the
concentration of different types of acids in the fruits and it contribute to taste and
consumer acceptance (Usenik et al., 2008). The amount of organic acids in strawberry
fruit are very minute (Bordonaba and Terry, 2010). Titratable acidity at low temperature
during storage normally retained at certain level and observed no marked changes in
organic acids (Green, 1971) and hence titratable acidity was not significantly affected
by storage duration.
Sugar Acid Ratio
The sugar acid ratio was significantly affected by different irrigation interval and
increases to certain level at extending irrigation interval. Since the sugar acid ratio is a
function of dissolved sugar and acidity of the fruit and there was an increase in reducing
sugars with increasing irrigation intervals to 12 days, it is likely to observe higher
sugar/acid ratio up to 12 days irrigation interval (Wozniak et al., 1997). In similar line of
reasoning the decline in sugar acid ratio with irrigation interval of 14 days can be
explained by the decrease in sugar content at the same irrigation interval (Leon et al.,
2007). A normal range of sugar acid proportion is necessary for acceptable flavor of
strawberry fruit and considered as edible quality of maturity (Mahmood et al., 2012). At
the start of the fruit development process the sugar acid proportion is low, due to low
sugar and high acid amount , as a result the strawberry fruit taste is sour (Wozniak et
al., 1997). During advance in maturity and ripening, generally expedite by water stress,
different types of acids in fruits are utilized in the process of metabolism and hence the
sugar content of the fruit increases (Kafkas et al., 2007), as a result the sugar acid
proportion, normally increases as the fruit proceed towards maturity, influenced by
deficit irrigation (Mahmood et al., 2012; David et al., 2008). hence, the overripe
strawberry fruits have very low levels of fruit acids and the normal flavor decreases due
to more sweetness (Pineli et al., 2010).
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Ascorbic Acid
The ascorbic acid content of strawberry fruit decreases with increase in irrigation
interval and also during storage. The ascorbic acid content in strawberry fruit is
generally higher at early stages of maturity (Pineli et al., 2010) but decline with advance
in maturity. Since extending irrigation interval generally enhance the maturation
(Modise et al., 2006), it is likely to have initiated the decline in ascorbic acid (Moing et
al., 2001). It is also possible that water deficit may hinder the synthesis (Cordenunsi et
al., 2003) or enhance the degradation of ascorbic acid (Lee and Kader, 2000). Thus
the ascorbic acid content declined with increasing irrigation intervals. During storage
vitamin C (ascorbic acid) decreases up to 50% (Cordenunsi et al., 2003) and are
enhanced by extended storage duration, high temperature and low relative humidit y
(Seung and Kader, 2000). Ascorbate oxidase has been proposed to be the major
enzyme responsible for enzymatic degradation of ascorbic acid (Saari et al., 1995).
Marketable Fruits
Irrigation intervals significantly affected the fruit quality and physical appearance
of strawberry fruit during storage. Bordonaba and Terry (2010) suggested that good
quality fruits can be produced under deficit irrigation between flower initiation and fruit
harvesting by increasing the concentration of taste-related and aromatic compounds in
strawberry fruit. Since water loss leads to dull appearance, unattractive color and
shriveling of the fruits, when it exceeds 6% for strawberries fruit (Robinson et al., 1975).
Consumer acceptable fruits in the market are considered as marketable fruits (Parveen
et al., 2012).
Shelf Life
Shelf life of strawberry fruit was positively affected by extending irrigation
interval to certain level and then gradually decreased. Strawberry is a non climacteric
fruit, highly perishable and characterized by a short shelf life (Han et al., 2005). The
loss of quality is mostly due to high metabolic activity (Atress et al., 2010). Postharvest
life of strawberries can be extended by several techniques combined with refrigeration
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(Debeaufort et al., 1998). The maximum storage life of strawberry fruits with longer
irrigation interval could be due to their more resistance to diseases, as fruits produced
under water deficit condition are generally tough and compact, thus, longer storage life
(Modise et al., 2006).

1.4. CONCLUSIONS AND RECOMMENDATIONS

Conclusions
Strawberry fruits produced under deficit irrigation were superior in quality,
aromatic in nature, longer shelf life and firm. Increasing irrigation interval to 10 days
improves the quality attributes by increasing TSS, reducing sugars, non reducing
sugar, total sugars and enhanced the storage life. It can be concluded that strawberry
cv. Chandler should be irrigated at the maximum safest irrigation intervals.
Recommendations
Irrigation intervals of 10 days between flowering and harvesting is
recommended for strawberry production to enhance quality attributes and extend the
storage life.
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EXPERIMENT 2
EFFECT OF FRUIT MATURITY STAGE ON THE QUALITY OF
STRAWBERRIES HARVESTED FOR FRESH CONSUMPTION
Ijaz Akhtar and Abdur Rab
Department of Horticulture, The University of Agriculture, Peshawar, Pakistan.
January, 2014
ABSTRACT
Fruit quality was investigated in fresh strawberries harvested at three different stages
of maturity, including pink, red, and dark red, during the strawberry growing season
from October 2007 to April 2008. Fruit harvested at the pink stage had the highest
moisture content (92.4%), titratable acidity (1.30%), and ascorbic acid (50.4 mg/100 g)
but the lowest organoleptic quality score (4.0) due to the higher acidity and lower total
soluble solids (TSS) (5.3%). Fruit harvested at red stage, on the other hand, had the
highest organoleptic quality score (7.0) due to a greater moisture content (90.9%), TSS
(5.9%), titratable acidity (1.27%), the TSS/acid ratio (4.6), and the ascorbic acid content
(40.28 mg/100 g). Delaying harvest until the dark red stage further increased TSS
(6.1%), the TSS/acid ratio (5.3) and the sensory score (8.0) but reduced fruit moisture
content (89.2%), titratable acidity (1.16%), and the ascorbic acid content (31.87 mg/100
g). Overall, fruit harvested at the red stage had superior fruit quality over those
harvested at either the pink or dark red stage and therefore should be selected for fresh
market consumption.

2.1. INTRODUCTION
Strawberry is a non climacteric fruit and do not ripen further after harvesting from the
plant (Kalt et al., 1999). Hence, it is generally harvested at or near the fully ripened
stage to obtain the best edible quality (McGlasson, 1985). Harvesting is a critical
decision because the quality of strawberry fruit may vary at different stages of maturity
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(Kader, 1991). According to Pineli et al. (2010), the strawberry fruit contain the highest
total soluble solid content at red ripe stage but higher total phenolics, total ellagic acid
and vitamin C at the pink stage of maturity. The anthocynin, a well known antioxidant
of strawberry fruit, concentration increases between the white and pink stages (Veazie
et al., 1995) but then decreases at fully developed stage (Kader, 1991). Several studies
have shown that strawberry fruit harvested at early stages of color development can
change color during storage (Spayd and Morris, 1981; Forney et al., 1998), but may
not change in sugar and acid content to be suitable for fresh consumption (Kalt et al.,
1999). Hence the fruit is generally harvested at full ripe stage that loses quality rapidly
(Mitchell, 1985) due to nutrients and water loss (Garcia et al., 1998) as well as
enhanced disease susceptibility (Ceponis et al., 1987). Moreover, the strawberry fruit
harvested at dark red stage is tender and more susceptible to pathogens which results
in postharvest losses and decreases the shelf life (Brummel and Harpster, 2001).
The optimum harvest time of strawberry fruit is estimated on the basis of surface
color development, but appearance, firmness, flavor and nutritional value are also
important quality characteristics (Kader, 1991) to have greater consumer acceptance
and market demand (Woodward, 1972; Salamat et al., 2013). The strawberry fruit can
be harvested at different stages of color development i.e. color break, half colored,
three quarters colored and full red colored, based on the first appearance and
subsequent development of red color (Maynard et al., 1988). The index of maturity
used for harvesting is the red color resulting from anthocynin synthesis corresponding
to half or three fourths quarters of the fruit (Manning, 1996). When Chandler strawberry
are harvested at three-quarter color development stage, its keeping quality as
estimated by appearance, color and firmness as well as acidity and TSS with minimum
fruit decay was superior than fruit harvested at fully ripe stage (Nunes et al., 2002).
In Khyber Pakhtunkhwa and Pakistan most of the strawberry growers are less
informed about the optimum stage of maturity for harvesting especially with reference
to fresh consumption, processing, local or distant marketing (Shah, 1995). Harvesting
at proper maturity is not only important for getting high price in the market but also its
utilization with maximum physicochemical quality attributes (Kader, 1991). It is
therefore important to study the effect of different harvesting stages on the quality of
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strawberry fruit for fresh consumption and efficient processing. The present research
was initiated to investigate the responses of fruit quality to a range of harvest stages
for local markets.
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2.2. MATERIALS AND METHODS
The experiment on “Effect of fruit maturity stages on the quality of strawberry fruit for
fresh consumption” was conducted during strawberry growing season from October
2007 to April 2008 at The University of Agriculture, Peshawar, Khyber Pakhtunkhwa,
Pakistan. The strawberry fruits were harvested at 3 stages of maturity pink, red and
dark red. The fruits were evaluated for nutritional quality, Moisture contents, Total
soluble solids, Titratable acidity, TSS/Acid ratio and Ascorbic acid contents.
Consumer’s acceptance on the basis of color, taste, aroma, texture and overall
acceptability was estimated by panel of judges through sensory evaluation immediately
after harvest and were scored according to 9-point hedonic scale for organoleptic
quality (Larmond, 1977). The experiment design used was RCBD one factor with three
treatments as maturity stages and there were three replication.
The following variables were recorded throughout the experiment
Moisture (%)
Moisture content of strawberry fruits harvested at different stages of maturity
was determined at harvest by oven drying method as described by the AOAC (2005).

Organoleptic Evaluation
Strawberry fruits harvested at different stages of maturity were evaluated at
harvest by a panel of judges for fruit quality characteristics, color, taste, aroma, texture
and overall acceptability through sensory observation according to the method
proposed by Larmond (1977). Scores were assigned to samples from 1-9 according to
over all acceptance of the fruit.
Ascorbic Acid (mg/100 g)
Vitamin C (Ascorbic acid) content was calculated at harvest by Titrimatric
Method as described by AOAC (2005). Detailed method are given in materials and
methods of Experiment 1.
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Titratable Acidity (%)
Acidity % of strawberry fruits was calculated at harvest by using Acid
Neutralization Method (AOAC, 2005).
Total Soluble Solids (%)
The total soluble solids (TSS) of strawberry fruit was determined by hand
refractometer according to the procedure mentioned by AOAC (2005).
TSS/Acid Ratio
The total soluble solids (TSS) acid ratio was calculated by using the following
formula.
Total Soluble Solids
TSS/Acid Ratio =
Titratable Acidity
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2.3 RESULTS AND DISCUSSION
RESULTS
To evaluate the effect of fruit maturity stages on the quality of strawberry fruit for fresh
consumption. The data were recorded on fruit moisture, organoleptic evaluation,
ascorbic acid, titratable acidity, juice pH, TSS and TSS/Acid ratio. Data on these
parameters are described below:
Moisture (%)
The data reveals that moisture content of strawberry fruits was significantly
different in fruits harvested at different stages of maturity (Table 2.1). The highest
moisture content (92%) was recorded in pink fruit, followed by red fruit (91%), while the
lowest moisture content (89%) was observed in dark red fruit.
Organoleptic Evaluation
The sensory quality score indicates that fruit harvested at different stages of
maturity varied significantly (Table 2.1) with the highest score (8), recorded for dark red
stage, followed by 7 (Red stage) with the difference being non significant. The fruits at
pink stage had the lowest (4) organoleptic quality score (Table 2.1).
Ascorbic Acid (mg/100 g)
The Ascorbic acid content of strawberry fruits harvested at different stages of
maturity was significantly different at different stages of harvest (Table 2.1). The
highest ascorbic acid content (50 mg/100 g) was recorded at pink stage, followed by
(40 mg/100 g) at red stage while the least ascorbic acid (32 mg/100 g) was recorded
at dark red stage of maturity (Table 2.1).
Titratable Acidity (%)
The titratable acidity was not different between red and pink staged fruit, but it
was low for the dark red fruit (Table 2.2).
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Total Soluble Solids (%)
Significant variation was observed in total soluble solids contents of strawberry
fruits harvested at different stages of maturity (Table 2.2). The highest TSS (6.1%) was
recorded in fruits harvested at dark red stage, followed by red stage (5.9%) and the
least (5.3%) at pink stage (Table 2.2).
TSS/Acid Ratio
The TSS/Acid Ratio of strawberry fruit was significantly affected by harvesting
the fruits at different stages of maturity (Table 2.2). The highest TSS/Acid Ratio (5.3)
was recorded in fruits harvested at dark red stage, followed by red fruit stage (4.6) and
the lowest (4.1) in fruits harvested at pink stage of maturity (Table 2.2).
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Table 2.1: Physicochemical quality characteristics of strawberry, harvested at
different stages of maturity, calculated just after harvest.
Maturity Stages

Moisture (%)

Organoleptic
Evaluation

Ascorbic acid
(mg/100g)

Pink

92 a

4b

50 a

Red

91 b

7a

40 b

Dark red

89 c

8a

32 c

Significance Level

**

**

**

LSD (0.05)

1.02

1.77

1.42

Means followed by similar letter(s) in column do not differ significantly from one another **
= Highly significant

Table 2.2. Chemical quality characteristics of strawberry, harvested at different
stages of maturity, calculated just after harvest.
Maturity Stages

Titratable
Acidity (%)

Total Soluble Solids
(%)

TSS/Acid Ratio

Pink

1.3 a

5.3 b

4.1 c

Red

1.3 a

5.9 ab

4.6 b

Dark red

1.2 b

6.1 a

5.3 a

Significance Level

*

*

**

LSD (0.05)

0.08

0.68

0.13

Means followed by similar letter(s) in column do not differ significantly from one another
* = Significant
** = Highly significant

DISCUSSION

Effect of fruit maturity stages on the quality of strawberry fruit for fresh consumption
are discussed as follows:
Moisture
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The moisture content of strawberry fruit was different in fruits harvested at different
stages of maturity. Moisture content of strawberry fruit at different stages of
development is also very important for consumer point of view. Most of the consumers
prefer firm strawberries which do not lose too much juice when sliced (Kader, 1991).
Moisture content and size of strawberry fruits vary from one stage of maturity to another
(Guiwen, 1991). Strawberry fruits harvested at proper maturity contain approximately
89% moisture (Tajamal, 1985). Variation in moisture content of strawberry fruit from
one stage to another may be due to compositional changes occurring during fruit
development (Spayd and Morris, 1981).

Organoleptic Evaluation
Strawberry fruits harvested at different stages of maturity respond varied to
sensory evaluation. Organoleptic quality evaluation of strawberry fruit is a common
sensory method (Jetti et al., 2007; Gunness et al., 2009). Fruit size, appearance, color,
texture, flavour and aroma are important sensory attributes of the strawberry fruit
(Guiwen, 1991; Pineli et al., 2010) and related chemical characteristics (Skrede, 1982;
Sistrunk and Morris, 1985). The flavour of a fruit is characterized by several factors
such as sweetness, acidity, astringency in combination with aroma, due to the volatile
compounds involved (Kader, 1991). A good correlation has been found between
sensory evaluation of strawberry flavor and total concentration of fresh strawberry
volatiles (Dirinck et al., 1981). Strawberry fruits harvested at good red stage of maturity
and contain a good balance of acidity and sugars are usually scored high in flavour by
sensory panel (Sistrunk and Morris, 1985). Thus, it is likely to observe better quality
score of fruits harvested at fully ripe stage as compared to earlier stages of maturity
(Mahmood et al., 2012).

Ascorbic acid
Strawberry fruits harvested at different stages of maturity contains different
amount of ascorbic acid. Strawberry is a good source of ascorbic acid, anthocyanins
and flavonols (Wang et al., 1996; Cordenunsi et al., 2002). Ascorbic acid is a water
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soluble nutrient and essential for maintaining normal growth and development in
human beings (Seung and Kader, 2000). Strawberries at pink stage had the highest
content of Ascorbic acid (Pineli et al., 2010) which decline with advancement in maturity
(Sturm et al., 2003). The decline in ascorbic acid with advance in maturity revels that
ascorbic acid is quite unstable (Sanz et al., 1999) and decrease with increasing
maturity (Seaung and kader, 2000).
Titratable acidity
Titratable acidity of strawberry fruits harvested at different stages of maturity
varied significantly and increases from dark red stage to pink stage. The acidity of the
fruit was due to the presence of different organic acids (Usenik et al., 2008). The
highest contribution to total acids in strawberry fruit is due to citric acid and malic acid.
(Kallio et al., 2000; Sturm et al., 2003). The acidity in fruit is an important factor in
determining maturity and fruit quality (Moing et al., 2001). The acidity of the strawberry
fruit, generally, increases to a maximum in mature green fruit before declining more
rapidly at the later stages of ripening (Spayd and Morris, 1981). The consumers’
acceptance is determined by a proper balance between acidity and total soluble solids
or sugars (Mahmood et al., 2012). Hence, specific sugar/acid ratio is used as maturity
standards and is required for domestic or international marketing (Usenik et al., 2008).
Total Soluble Solids
The total soluble solids of strawberry fruit increases from pink stage towards
maturity and ripeness. Sugars and organic acid are the main contributors to the total
soluble solids of strawberry fruit (Cordenunsi et al., 2002) and a higher value of total
soluble solids is related to highest sugars of fruits (Chang and Chang, 2010). It has
been reported that total soluble solids play important role in determination of optimum
maturity and it increases at maturity and further at ripeness (Martinez et al., 2004).
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TSS/Acid Ratio
The TSS/Acid Ratio of strawberry fruit increases from pink stage to red stage
and further towards dark red stage at full ripeness. At the start of the fruit development
process the TSS/ acid proportion is low, due to low soluble solids and high acid amount
, as a result the strawberry fruit taste is sour (Wozniak et al., 1997). During advance
in maturity and ripening process, different types of acids in fruits are utilized in the
process of metabolism and hence the sugar content of the fruit increases (Kafkas et
al., 2007). Sugars are the main contributor to total soluble solids, as a result the TSS
acid proportion, normally increases as the fruit proceed towards maturity (Mahmood et
al., 2012; David et al., 2008). hence, the overripe strawberry fruits have very low levels
of fruit acids and the normal flavor decreases due to more sweetness (Pineli et al.,
2010).
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2.4. CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS
Fruit maturity stages on the quality of strawberry fruit was investigated,
Strawberry fruits harvested at red stage had optimum moisture content (91%), total
soluble solids (5.9%), TSS/Acid Ratio (4.6), titratable acidity (1.3%), ascorbic acid (40
mg/100 g) and organoleptic quality score (7) while highest total soluble solids (6.1%),
TSS/Acid Ratio (5.3) and sensory score (8) were recorded at dark red stage but the
same stage had the least moisture content (89%), titratable acidity (1.2%) and ascorbic
acid (32 mg/100 g). It can be concluded that strawberry fruit harvested at red stage
were superior for most of the quality attributes, hence should be harvested at this stage
for fresh consumption.
RECOMMENDATION
Strawberry fruits should be harvested at red stage for fresh consumption.
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EXPERIMENT 3
EFFECT OF HARVESTING STAGES AND PERFORATED PACKAGES ON
THE QUALITY AND STORAGE LIFE OF STRAWBERRY FRUIT
Ijaz Akhtar and Abdur Rab
Department of Horticulture, The University of Agriculture, Peshawar, Pakistan.
January, 2014

ABSTRACT
A study was done to investigate the effects of harvest stage and perforated packaging
on fruit quality and storage in strawberry. Fruit were harvested at three stages of
maturity, including the pink, red, and dark red stages, and were stored for 8 days at 5
± 2 °C and 90% RH. The fruit was either unpackaged during storage (control) or stored
inside plastic packages that had 12, 18, or 24 circular perforations (0.5 cm diameter).
Fruit harvested at the dark red stage had the greatest weight loss, total soluble solids
(TSS), total sugars, reducing sugars, and sugar/acid ratio, the least number of
marketable fruit, the shortest shelf life, and the lowest amount of nonreducing sugars,
titratable acidity, moisture content, and ascorbic acid content. In contrast, fruit
harvested at the red stage had the greatest number of marketable fruit, the least weight
loss, TSS, total sugars, and reducing sugars, and the lowest sugar/acid ratio.
Packaging significantly affected fruit storage and quality and was best when fruit were
harvested at the red stage and stored in packages with 18
perforations.
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3.1. INTRODUCTION
Strawberries are highly perishable fruit with a shelf life of about 1-2 days at room
temperature (Jouki and Khazaei, 2012). Thus, strawberry fruit should be harvested at
a proper maturity stage to get high quality fruit, consumer acceptance, market price as
well as reasonable shelf life (Woodward, 1972). The rate of perishability of strawberry
fruit is due to high rate of respiration (Day, 1990), rapid weight loss (Garcia et al., 1998),
mechanical injuries (Rosen and Kader, 1989) and susceptibility to fungal infections
(Park et al., 2005). Moreover, the fruit harvested at dark red stage senesce rapidly and
are prone to the pathogenic attacks that increases the postharvest losses and
decreases the shelf life of produce (Brummel and Harpster, 2001). Storage is essential
to market the berries with an optimum return and to ensure the availability of fruit for
consumer. Thus, providing proper storage conditions is essential for quality
maintenance especially during short term storage and its availability (Cordenunsi et al.,
2003).
The storage performance of strawberry fruit depends on different pre and
postharvest factors. Nitrogen application (El-Farhan and Pritts, 1997), irrigation
practices (Parikka, 2003), harvest stages (McGlasson, 1985) and modified atmosphere
packaging (Holcroft and Kader, 1999) are known to influence the fruit quality and
storage performance of strawberry fruit.
The proper harvest time of strawberry fruit is estimated by the surface color of
the berry, however, appearance, firmness, flavor and nutritional value are also
important quality characteristics (Kader, 1991). The harvesting stage may influence the
response of the fruit to postharvest handling. Nunes et al., (2002) reported that
Chandler strawberry harvested at three-quarter color responded better to control
atmosphere packages during two weeks of storage by maintaining better appearance,
color, and firmness, optimum acidity and TSS with minimum fruit decay and
postharvest losses. By contrast, strawberries at advanced stages of maturity,
characterized by high total soluble solids (TSS), are not recommended for storage
(Nunes et al., 1995).
Various techniques have been developed to extend the shelf life of strawberry
fruit. The most common method to extend the storage life of strawberry fruit is low
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temperature storage. Low temperature storage slows down the rate of biochemical
processes responsible for quality deterioration (Debeaufort et al., 1998). Strawberries
stored at 0°C retained an acceptable quality for the longest storage duration (Peneau
et al., 2007) but its respiration rate (about 15 mg/kg/hr at 0°C) increases 4 to 5 fold
when storage temperature is increased to 10°C (Kader, 1991). The postharvest life of
strawberries can also be extended by changing the storage environment especially
oxygen and carbon dioxide concentrations (Church, 1994; Holcroft and Kader, 1999).
The rate of respiration can be decreased by storing the strawberries in low O 2 and/or
high CO2 atmosphere (Woodward and Topping, 1972). Low O 2 (2%, 1% or 0.5%) or
elevated CO2 (10%, 15% or 20%) concentrations and their combinations decreases
respiration and ethylene production rates of strawberries stored at 2°C (Li and Kader,
1989).
Generally, modified atmosphere storage is combined with low temperature to
get desired benefits (Silva et al., 1999). The respiration rate of fruits and vegetables
normally slows down with an increase in carbon dioxide and decrease in oxygen
concentration (Holcroft and Kader, 1999). Moreover, high carbon dioxide concentration
decreases the production of ethylene. Strawberry fruit produce 50 - 100 ml carbon
dioxide per kg per hour at 20°C in the process of respiration. Thus, the fruit decay
process is rapid even in the absence of disease causing organism (DeEll, 2006).
However, storage of strawberry fruit stored with 10% carbon dioxide and 11% oxygen
combination can extend the shelf life of strawberries for 3 weeks by maintaining quality
attributes and inhibiting the development of diseases and without significantly
modifying consumer acceptance (Almenar et al., 2006).
Modified atmosphere packaging (MAP) refers to a sealed semi-permeable
plastic film, in which the oxygen (O 2) is lower and carbon dioxide (CO 2) is higher than
the air concentrations. The modified atmosphere packages techniques allow the
modification of atmosphere with in the package by decreasing O 2 and increasing CO2
due to respiration by the fruit (Mitchell, 1985; Kirad et al., 2003). Thus, appropriate
packaging techniques and materials have commonly been used to retain fruit quality
during storage and increase the storage life and have been used to decrease spoilage
and weight loss after ten days storage of strawberry fruit (Artes et al., 2006; Ozkaya et
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al., 2009). Modified atmosphere packages (MAP) prolong the storage and shelf life of
strawberry fruits by maintaining the fruit quality (Celikel et al., 2005; Hamid and Qorban,
2014). Thus, improved packages are designed to control the amount of carbon dioxide
and oxygen during cold storage of strawberry fruit (Exama et al., 1993), which
decreases the rate of respiration, handling damages and maintain freshness and
quality of the fruits (Kirad et al., 2003; Jouki and Khazaei, 2014). Improved packaging
material can be beneficial for reducing weight loss and spoilage for a period of 10 days
storage of strawberry fruits (Ozkaya et al., 2009).
In Pakistan, corrugated cardboard boxes are commonly used for strawberry
packaging (Bhatti, 1995). For a long distance markets of strawberry fruit, it requires
proper packing due to its highly perishable nature (Park, 2005). Most of the strawberry
growers in Pakistan are less vigilant about the optimum stage of maturity for harvesting
especially with reference to storage life, local and distant markets (Shah, 1995).
Strawberry must be harvested at its proper maturity stage with its intended marketing
period. Harvesting at proper maturity is not only important for high prices in the market
but also for a prolong storage life (Kader, 1991). It is therefore important to study the
effect of different fruit maturity stages and package material on the quality and shelf life
of strawberry fruit.

3.2. MATERIALS AND METHODS
The experiment “Effect of harvesting stages and perforated packages on the
quality and storage life of strawberry fruit” was conducted during the strawberry
growing season from October 2007 to April 2008 at The University of Agriculture,
Peshawar, Pakistan. The strawberry fruits were harvested at different stages of
maturity (pink, red and dark red) by visual observation. Fruits after reaching the desired
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maturation stages, pink, red and dark red were harvested and stored (50 fruits with
calyx) for 8 days in plastic packages of size (20x15 cm) having 24, 18 and 12 circular
perforations of 0.5 cm diameter while the control treatment was with no packaging and
stored at 5±2°C and 90% RH in the refrigerator. The desired temperature and humidity
was regularly checked and maintained during the experiment period.
Study Parameters
Moisture (%)
Moisture contents of strawberry fruits harvested at different stages of maturity
and packed in perforated packages was determined after 8 days storage by oven
drying method as described by the AOAC (2005).

W1

W2

Moisture% =

x 100
W1

W 1 = Weight of sample before drying along with petri dish
W 2 = Weight of sample after drying along with petri dish
Weight Loss (%)
Fruits from different treatments were weighed before and after storage. The
percent weight loss immediately after storage was determined by the following formula.
Lossof sampleweight
Weight loss% =

x 100

Weight of sample
Defective Fruits (%)
Physically defective fruits were counted after storage and the percentage
calculated as under:
Numberof physically defective fruits
Defective fruits % =

x 100
Totalnumberof sample

94

Marketable Fruits (%)
Physically sound fruits, free from injury and blemishes were counted after
storage and the percentage calculated as under:
Number of marketable fruits
x 100

Marketable fruits %=

Totalnumber of fruits
Storage Life (Days)
A separate set of fruit samples (50 fruits with calyx) harvested at different stages
of maturity were packed in plastic packages of size (20x15 cm) having 24, 18 and 12
circular perforations of 0.5 cm while the control treatment was with out packaging and
stored at 5±2°C and 90% RH in the refrigerator. Storage life (days) were determined
by observing the marketable characteristics of strawberry fruits on a regular basis and
percentage of marketable fruits on daily basis were calculated by counting the number
of marketable (solid, firm, fresh, disease free and visually attractive looking) and
unmarketable fruits (rotten, soften, punctured, damaged). A base line of 15% loss in
desirability at any day was considered as the maximum storage life possible.
Total Soluble Solids (%)
Total soluble solids (TSS) of strawberry fruits harvested at different maturity and
stored in perforated packages was done after 8 days storage by using a hand
refractometer. The juice from sample fruit was thoroughly mixed and a drop of juice
was placed on the slab of °brix refractometer and covered with a transparent led. The
rotation was observed through the eye piece of the equipment and reading was
recorded.
Total Sugars (%)
Reducing and non reducing sugars of strawberry fruits after 8 days storage were
determined by Lane Eynon Method (AOAC, 2005). Detail method are given in
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1.2 materials and methods of Experiment-1.
Titratable Acidity (%)
Percent acidity of strawberry fruits was determined after storage by Acid
Neutralization Method (AOAC, 2005). For detail refer to 1.2, Materials and Methods of
Experiment-1.
Sugar Acid Ratio
Sugar acid ratio of strawberry fruit after storage was calculated by the following
formula.
Total Sugars
Sugar/Acid Ratio

=
Titratable Acidity

Ascorbic Acid (mg/100 g)
Vitamin C content was calculated after 8 days cold storage by Titrimatric Method
as described by AOAC (2005). Detail procedure is given in 1.2, Materials and Methods
of Experiment-1.
Statistical Procedures Used
A two factorial experiment was laid out as a randomized complete block design
(RCBD). First factor was three maturity stages of strawberry fruit and second factor
was four types of packing environment having different number of perforations. The
treatments were replicated three times, a USA computer software (Statistix-9) was
used for the analysis of experiment data.

3.3 RESULTS AND DISCUSSIONS
RESULTS
To evaluate the effect of harvesting stages and perforated packages on the quality and
storage life of strawberry fruit. The data were recorded on fruit moisture, weight loss,
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defective fruits, marketable fruits, storage life, total soluble solids, reducing sugars,
non-reducing sugar, total sugars, titratable acidity, sugar acid ratio and ascorbic acid.
Data on these parameters are described below:
Moisture (%)
The moisture content of strawberry fruits was significantly affected by maturity
stages, number of perforation in packages and the interaction of maturity stages and
number of perforation in packages (Table 3.1). The maximum moisture content (90%)
was recorded in fruits harvested at red stage, followed by (89%) at pink stage while the
minimum (88%) was recorded at dark red stage. The number of perforations in
packages also significantly affected moisture content of strawberry fruit, with the
maximum moisture content (90%) recorded in fruits stored in packs having 12
perforations as compared to the least (88%) observed in fruits without packing (Table
3.1). The interaction of maturity stages and perforation in packing also significantly
affected the moisture content of the fruit. The highest moisture content (91%) was
recorded when fruit harvested at pink stage were stored in packs having 12
perforations, while the lowest (86%) was observed when dark red fruits were stored in
packages having 24 perforations (Fig. 3.1).

Weight Loss (%)
The data regarding weight loss revealed that weight loss of the fruits was not
significantly affected by different stages of maturity. However, the perforation in
packages significantly affected weight loss of stored fruits. The interaction of maturity
stages and perforation in package was also non-significant (Appendix 3.2). While
harvesting at different maturity stages had no significant effect on weight loss during
storage, which ranges from the maximum 17% recorded for dark red stage of maturity,
to the minimum loss of 12% in fruits harvested at red stage of maturity. The number of
perforation in packages significantly affected the weight loss. The highest weight loss
(19%) was recorded in unpacked fruits (control) whereas the least weight loss (8%)
was observed in fruits packed in packages with 12 perforations (Table 3.1). The
interaction of different maturity stages and packing perforation did not significantly
affect the weight loss. However the highest weight loss (24%) was recorded when fruits
97

harvested at pink stage were stored in unpacked condition while the minimum weight
loss (6%) was recorded in fruits harvested at dark red stage and stored in perforated
packages with 12 perforations (Treatment Interaction Table-3.2).

Defective Fruits (%)
The number of physically defective fruits was significantly influenced by harvesting at
different stages of maturity as well as the number of perforations in packages. The
interaction of maturity stages and perforations was, however, not significant (Appendix
3.3). The maximum defective fruits (14%) were recorded for dark red stage, followed
by 8% at red stage, while the minimum defective fruits (4%) were recorded in fruits
harvested at pink stage. The number of perforations in packages also significantly
affected physically defective fruit. The maximum (11%) defective fruits were recorded
for control, while the least defective fruit (6%) was recorded for fruits packed in
perforated packages having 18 perforations (Table 3.1). The interaction of different
maturity stages and packing environment did not significantly affect the defective fruit.
However, the highest defective fruit (15%) was recorded for fruit at dark red stage
stored in unpacked condition, while the minimum (2%) was observed in pink fruit stor ed
in perforated packages having 18 perforations.

Marketable Fruits (%)
The data regarding Marketable fruits are presented in table 3.1. The analysis of
the data indicated that fruits harvested at different stages of maturity and perforated
packages significantly affected marketable fruits. The interaction of maturity stages and
number of perforations did not significantly affect marketable fruits (Appendix 3.4). The
maximum marketable fruits (96%) were recorded at pink stage, followed by 92% at red
stage while the minimum marketable fruit (86%) was recorded at dark red stage. The
number of perforation in packages also significantly affected the number of marketable
fruits, with the maximum (94%) recorded for fruits stored in perforated packages having
18 perforation and the least marketable fruit (89%) with unpacked (control).
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Storage Life (days)
The harvesting of strawberry fruits at different stages of maturity and storage in
packages with different number of perforation significantly affected the storage life. The
interaction of maturity stages and number of perforation in packages was, however,
not significant (Appendix 3.5). The maximum storage life of 8 days was recorded for
fruit harvested at pink stage, followed by 7 days with red stage while the minimum (6
days) was recorded for fruits harvested at dark red stage of maturity. The number of
perforation in packages also significantly affected the storage life with the maximum (8
days) recorded with fruits stored in packages having 18 perforation compared (6 days)
to unpacked fruit (Table 3.1).

Total Soluble Solids (%)
The stages of maturity at harvest, number of perforation in packages and the
interaction of maturity stages and number of perforation in packages significantly
affected the TSS content of strawberry fruits (Table 3.2). The maximum TSS (8.65%)
was recorded at dark red stage, followed by 8.42% and 8.27% at red and pink stages
respectively. The difference in TSS content with 18 and 24 perforations was, however,
non-significant. The number of perforation in packages also significantly affected the
TSS content of strawberry fruit with the maximum TSS (8.7%) recorded for fruits stored
in unpacked condition (Control). The least TSS (8.2%) was recorded with fruits packed
in perforated packages having 18 perforations (Table 3.2). The interaction of maturity
stages and perforation in packing significantly affected the TSS content of the
strawberry fruits. The highest TSS (9.1%) was recorded when fruit harvested at dark
red stage were stored in packages having 12 perforation while the least (8%) were
recorded in fruits harvested at red stage and stored in packages having 12 perforation
(Fig. 3.2).

Reducing Sugars (%)
The reducing sugar content of strawberry fruits were significantly affected by
harvesting stages, perforation in packages but the interaction of harvesting stages and
number of perforation in packages was not significant (Appendix 3.7). The maximum
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reducing sugars (8%) was noted in fruits harvested at dark red stage of maturity
followed by 6%, recorded in fruits harvested at pink and red stage of maturity. The
number of perforation in packages also significantly affected the mean reducing sugars
content of strawberry fruit, with the maximum reducing sugars (6.9%) recorded in fruits
stored at unpacked condition. The reducing sugars content of strawberry fruit decline
significantly to 6.6% and 6.4% with 24 and 18 perforations in packages respectively,
and finally to the minimum of 6.3% in fruits packed in packages having 12 perforations
(Table 3.2). The reducing sugars content of strawberry fruit stored in packages with 18
perforations was non-significant with both 24 and 12 perforations (Table 3.2). The
interaction of maturity stages and perforation in packing was not significant. However,
the highest reducing sugars (8.5%) was recorded when fruit at dark red stage were
stored in unpacked condition, while the least reducing sugars (5.5%) was recorded
when fruit at red stage were stored in packages having 18 holes.

Non Reducing Sugar (%)
The data regarding non reducing sugar content of strawberry fruit was
significantly affected by different stages of maturity, perforation in packages and the
interaction of maturity stages and perforation in packages (Table 3.2). The highest non
reducing sugar content was 2.7%, recorded in fruits harvested at pink stage of maturity,
followed by 2.4% at red stage and 2.1% at dark red stage. The number of perforation
in packages also significantly affected the non-reducing sugar contents of strawberry
fruits, with the maximum (2.5%) recorded in fruits stored in packages with 12
perforations which are statistically non-significant (2.5%) when fruits were packed in
packages having 18 perforations. The lowest non-reducing sugar content (2.3%) was
recorded by fruits stored in unpacked condition (Table 3.2). The interaction of maturity
stages and number of perforation in packages was also significant with the highest
non-reducing sugar content (2.8%), recorded when pink fruits were stored in packages
having 18 perforations, while the least (1.9%) non-reducing sugar content was
recorded in fruits harvested at dark red stage and stored in packages having 24
perforations (Fig. 3.3).
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Total Sugars (%)
The data regarding total sugars of strawberry fruits revealed that fruits harvested
at different stages of maturity, number of perforation in packages and the interaction of
maturity stages and number of perforation in packages significantly affected the total
sugars contents of strawberry fruits (Table 3.2). The maximum mean total sugars
(10%) was recorded in fruit harvested at dark red stage, followed by 8.2% and 8.5% at
red and pink stage of maturity respectively. The number of perforation in packages also
significantly affected the total sugars with the maximum total sugars (9.2%) recorded
in fruits stored in unpacked condition. The least total sugars (8.8%) was recorded in
fruits packed in packages having 12 perforation, which was statistically at par with
8.9%, recorded in fruits packed in packages having 18 and 24 perforation (Table 3.2).
The interaction of maturity stages and number of perforation in packages also
significantly affected total sugars contents of strawberry fruits. The highest total sugars
(10.8%) was recorded when fruit harvested at dark red stage were stored in unpacked
condition, while the least total sugars (8%) was recorded when red fruit were stored in
packages with 18 perforation (Fig. 3.4).

Titratable Acidity (%)
The titratable acidity of strawberry fruits was significantly affected by maturity stages,
number of perforation in packages and the interaction of maturity stages and number
of perforation in packages (Table 3.3). The maximum titratable acidity (1.8%) was
recorded in fruits harvested at pink stage, followed by 1.7% at red stage while the
minimum titratable acidity (1.5%) was observed in fruits harvested at dark red stage.
The number of perforation in packages also significantly affected the titratable acidity
of strawberry fruit, with the maximum titratable acidity (1.8%), recorded in fruits packed
in packages having 12 perforations. Titratable acidity (1.5%) was the least in fruits
stored in unpacked condition and in packages having 24 perforations (Table
3.3). The interaction of maturity stages and number of perforation in packages also
significantly affected the titratable acidity of strawberry fruit. The highest titratable
acidity (2.1%) was recorded in fruits harvested at pink stage and stored in packages
having 24 perforations, while the least titratable acidity (1.2%) was obs erved when
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strawberry fruit harvested at dark red stage were stored in perforated packages having
24 perforations (Fig. 3.5).

Sugar Acid Ratio
The sugar/acid ratio of strawberry fruits revealed that fruits harvested at different
stages of maturity, number of perforation in packages and the interaction of maturity
stages and number of perforations in packages significantly affected the sugar/acid
ratio of strawberry fruits (Table 3.3). The maximum sugar/acid ratio (6.9) was recorded
in fruits harvested at dark red stage, followed by red stage (5.1) while the minimum
sugar/acid ratio (4.7) was recorded in fruit harvested at pink stage. The number of
perforation in packages also significantly affected the sugar/acid ratio of strawberry
fruit, with the maximum (6.1) in fruits stored in packages having 24 holes, which was
statistically at par with (5.9) observed in unpacked (control). The least sugar/acid ratio
(4.9) was recorded for fruits stored in packs having 12 perforations (Table 3.3). The
interaction of maturity stages and perforation in packing also significantly affected the
sugar/acid ratio. The highest sugar/acid ratio (8.4) was observed when fruits harvested
at dark red stage were stored in packs having 24 perforation, while the least (4.2) was
recorded when fruits harvested at pink stage were stored in packs having 24
perforation (Fig. 3.6).

Ascorbic Acid (mg/100 g)
The ascorbic acid content of strawberry fruits was significantly affected by
harvesting at different stages of maturity, the number of perforations in packages and
the interaction of maturity stages and number of perforations in packages (Table 3.3).
The maximum ascorbic acid (45 mg/100 g) was recorded in fruits harvested at red
stage, followed by dark red stage (42 mg/100 g) and at pink stage (40 mg/100 g), but
the difference was non-significant between dark red stage and pink stage. The number
of perforations in packages also significantly affected the ascorbic acid content of
strawberry fruit, with the maximum (46 mg/100 g) recorded in fruits stored in packs
having 12 perforations, followed by 44 mg/100 g with the difference being nonsignificant. The lowest ascorbic acid (39 mg/100 g) was recorded in fruits stored in
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packages having 24 perforations and in unpacked condition (Table 3.3). The interaction
of maturity stages and number of perforation in packing also significantly affected the
ascorbic acid content of strawberry fruit. The highest ascorbic acid (50 mg/100 g) was
observed when strawberry fruit harvested at red stage were stored in packages having
18 perforations, while the lowest ascorbic acid (36 mg/100 g) was recorded in fruits at
pink stage, stored in unpacked conditions (Fig. 3.7).
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Table 3.1. Physical properties of strawberry, harvested at different stages of
maturity and stored for 8 days in perforated packages at 5±2°C (90% RH)
Treatments

Moisture (%)

Weight Loss
(%)

Pink

89 b

14

Red

90 a

Dark Red
LSD (0.05)

Defective
Fruits (%)

Marketable
Fruits (%)

Storage
Life (days)

4c

96 a

8a

12

8b

92 b

7b

88 c

17

14 a

86 c

6c

0.64

N.S

1.16

1.16

0.38

Maturity stages

Perforations in packages
Control

88 b

19 a

11 a

89 d

6c

24

88 b

15 a

9b

91 c

7b

18

89 a

15 a

6d

94 a

8a

12

90 a

8b

8c

92 b

7b

LSD (0.05)

0.74

6.63

1.34

1.34

0.44

Maturity stages x Number of Perforations
Significance
level

**

NS

NS

NS

NS

LSD (0.05)

1.27

----

----

----

----

MxP

Fig: 3.1

----

----

----

----

Means followed by similar letter(s) in column do not differ significantly from one another
** = Highly significant, NS = Non significant
M x P = Interaction of Maturity stages and number of Perforations
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Control

93
92
91
90
89
88
87
86
85
84
83

24
18

12

Pink

Red

Dark Red

Treatment Interaction

Fig. 3.1. Moisture (%) of strawberry, as affected by interaction of maturity stages
and perforation level.
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Table 3.2. Chemical properties of fruits harvested at different stages of maturity and
stored for 8 days in perforated packages at 5±2°C (90% RH).
Treatments
Maturity stages

Total Soluble

Non Reducing

Solids (%)

Reducing
Sugars (%)

Total Sugars (%)

Pink

8.3 c

6b

2.7 a

8.5 b

Red

8.4 b

6b

2.4 b

8.2 c

Dark Red

8.7 a

8a

2.1 c

10 a

LSD (0.05)

0.12

0.19

0.09

0.14

Sugar (%)

Perforation in packages
Control

8.7 a

6.9 a

2.3 b

9.2 a

24

8.3 bc

6.6 b

2.3 b

8.9 b

18

8.2 c

6.4 bc

2.5 a

8.9 b

12

8.4 b

6.3 c

2.5 a

8.8 b

LSD (0.05)

0.14

0.21

0.11

0.17

Maturity stages x Number of Perforation
Significance
level

**

NS

**

**

LSD (0.05)

0.24

-----

0.19

0.29

MxP

Fig: 3.2

-----

Fig: 3.3

Fig: 3.4

Means followed by similar letter(s) in column do not differ significantly from one another
** = Highly significant, NS = Non significant
M x P = Interaction of Maturity stages and number of Perforations
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9.5

Control

9

24

8.5

18

8

12

7.5
7
Pink

Red

Dark Red

Treatment Interaction

Fig. 3.2. TSS (%) of strawberry, as affected by interaction of maturity stages and
perforation level.

Control

3.5
3

24

2.5
18

2
1.5

12

1
0.5
0
Pink

Red

Dark Red

Treatment Interaction

Fig. 3.3. Non reducing sugar (%) of strawberry, as affected by interaction of maturity
stages and perforation level.
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12

Control

10

24

8

18

6

12

4

2
0

Pink

Red

Dark Red

Treatment Interaction

Fig. 3.4. Total sugars (%) of strawberry, as affected by interaction of maturity stages
and perforation level.

Table 3.3. Chemical properties of fruits harvested at different stages of maturity
and stored for 8 days in perforated packages at 5±2°C (90% RH).
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Treatments

Titratable Acidity
(%)

Sugar Acid Ratio

Ascorbic Acid
(mg/100 g)

Maturity stages
Pink

1.8 a

4.7 c

40 b

Red

1.7 b

5.1 b

45 a

Dark Red

1.5 c

6.9 a

42 b

LSD (0.05)

0.04

0.12

2.46

Control

1.5 c

5.9 a

39 b

24

1.5 c

6.1 a

39 b

18

1.6 b

5.3 b

44 a

12

1.8 a

4.9 c

46 a

LSD (0.05)

0.04

0.14

2.84

**

**

**

LSD (0.05)

0.07

0.24

4.92

MxP

Fig: 3.5

Fig: 3.6

Fig: 3.7

Perforations in packages

Maturity stages x Number of Perforations
Significance
Level

Means followed by similar letter(s) in column do not differ significantly from one another
** = Highly significant, NS = Non significant
M x P = Interaction of Maturity stages and number of Perforations

.
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Fig. 3.5. Titratable acidity (%) of strawberry, as affected by interaction of maturity stages and
perforation level.
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Fig. 3.6. Sugar acid ratio of strawberry, as affected by interaction of maturity stages and
perforation level.
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Fig. 3.7. Ascorbic acid content (mg/100 g) of strawberry, as affected by interaction of
maturity stages and perforation level.
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DISCUSSION
Effect of harvesting stages and perforated packages on the quality and storage life of
strawberry fruit are discussed as follows:

Moisture
The optimum level of moisture content retained by red fruits at storage could be
due to the reason that fruits harvested at this stage perform better during handling and
storage due to its compactness (Aliasgarian et al., 2013)..The Strawberry fruits are
highly sensitive to water loss (Youngjae et al., 2007) and the maximum permissible
water loss for strawberries before marketing is about 6% (Robinson et al., 1975).
Evapo-transpiration is the major process leading to moisture loss (Nunes et al., 1995;
Nasrin et al., 2008). Moisture content decreases during storage due to respiration and
evapo-transpiration. (David et al., 2008) resulting in loss of freshness and deterioration
of fruit quality (Kader, 1991). The lowest moisture content recorded in unpacked
condition may be due to more moisture loss as compared to fruits packed at different
perforation level (Arifin and Chau, 1987).

Weight Loss
Weight loss during storage is a major problem and a serious concern for growers
and business men (Trevisan et al., 1999). The Strawberry fruit loses weight during
storage due to moisture loss (Miszczak et al., 1995; Moing et al., 2001; Zhang, 2001).
Modified Atmosphere Packaging (MAP) reduced the weight loss and maintaining
strawberry fruit quality during storage (Celikel et al., 2005; Ozkaya et al., 2009). The
number of perforation in packing material regulates the flow of respiratory gases and
moisture and, hence determines the weight loss in strawberry fruit (Artes et al., 2006).
The highest weight loss in unpacked condition may be due to direct exposure of
strawberry fruits to the environments. By contrast perforated packages having 12
perforation resulted in the least weight loss because less surface area was exposed
for moisture loss during storage (Talbot and Chau, 1991; Jafri et al., 2013).
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Defective Fruit
The highest defective fruit recorded at dark red stage may be due to the reason
that dark red fruits are soft, juicy and easily damaged as compared to pink and red
fruits (Cordenunsi et al., 2005). Physical disorders can be avoided by proper
postharvest handling including, packaging materials (Kirad et al., 2003; Martinez et al.,
2004). The highest number of defective fruits recorded with storage in unpacked
conditions may be due to greater moisture loss than fruits stored in packages (Arifin
and Chau, 1987) that leads to dull appearance, unattractive color and shriveled fruit
(Robinson et al., 1975). While perforated packages have been shown to retain firmness
and hence retain fruit quality (Arifin and Chau, 1987), it is clear that 18 perforations
provide the optimum package atmosphere as compared to both 24 and 12 perforations.
It is possible that increasing perforation may increase exposure to external
environments (An et al., 2009), while decreasing perforation to 12 may induce greater
sealing effect leading to anaerobic respiration (Kader, 1991).
Improved packages prevent fruit shrinkage, physical damage and achieve better
appearance (Henning and Gilbert, 1975). Strawberry shape, color and marketing
quality can be maintained at postharvest stage by utilizing cold storage (Maynard et
al., 1988).

Marketable Fruit
The highest number of marketable fruits at pink stage could be due to the reason
that fruits harvested at this stage perform better during handling and storage due to its
toughness (Aliasgarian et al., 2013). Perforated packages having 18 perforations
maintained fruit quality during storage due to a balance high CO 2 concentration and
oxygen in the packages which has been shown to retain firmness (Ozkaya et al., 2009),
inhibit the action of ethylene (Smith, 1992) and subsequent ripening (Wills and Kim,
1995). The interaction of maturity stages and packing condition did not significantly
affect the marketable fruits.
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Storage Life
It has been reported that the storage life of strawberry fruit is influenced by
maturity stage at harvest (Mitchell, 1985) as well as storage environments (Almenar et
al., 2006). The maximum storage life of pink fruit as compared to dark red fruit can be
attributed to greater firmness at this stage (Aliasgarian et al., 2013). Similarly,
packages having 18 holes increased the storage life to the maximum because it may
have retained a balance high CO 2 and low oxygen concentrations in the packages,
which has been shown to retain firmness (Smith, 1992), by inhibiting the action of
ethylene and subsequent ripening (Wills and Kim, 1995).

Total Soluble Solids
The taste and flavor of a fruit depends on the maturity stage at harvest
(Mahmood et al., 2012). Maturation and ripening is a complex process that involves
changes in the composition of sugars and organic acids (Teruel et al., 2000). During
fruit development and maturation, the TSS contents generally increases (Abeles and
Takeda, 1990; Rahman et al., 2014) and the highest total soluble solids contents in
strawberry fruit are at ripe stage (Pineli et al., 2010). The increase in TSS during
storage may be due to increasing moisture loss (Nunes et al., 2002) and, thus,
concentrating the total soluble solids. This may explain the maximum TSS recorded for
fruits stored in unpacked conditions because of more moisture loss in such conditions
(Kirad et al., 2003).

Reducing Sugars
Glucose and fructose are the predominant sugars of strawberry (Kafkas et al,
2007; Basson et al., 2010). The maximum reducing sugars at dark red stage may be
attributed to the conversion of sucrose to glucose and fructose (Sturm et al., 2003) with
a concomitant increase in reducing sugars as the fruit advances in maturity and
ripening (Ruiz et al., 1997). The number of perforation in packaging also significantly
affected the reducing sugar content of fruit. The maximum reducing sugars recorded
in fruits stored in unpacked condition could be due to greater moisture loss than other
perforated packages. However, it is also possible that perforated packages could have
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provide suitable O2 and CO2 concentrations, and, thus, creating modified atmosphere
resulting in low rates of respiration (Almenar et al., 2006), ethylene production (Bower
et al., 2003) and inhibition of ripening (Kirad et al., 2003).
Non-Reducing Sugars
Strawberry fruits stored at different maturity had significantly different amounts
of non-reducing sugars. The highest non reducing sugar content was recorded at pink
stage, that declined with advancing maturity to red and dark red stage. The nonreducing sugar content decreases during storage of strawberry fruits (Nunes et al.,
1995). The decline in non-reducing sugars is due to the metabolic activities during
storage in which the non-reducing sugar (sucrose) is converted in to glucose and
fructose of strawberry fruit (Ruiz et al., 1997). Similarly the hydrolysis of the cell wall
and juice vesicles may also decrease the non-reducing sugars content of the
strawberry fruit (Echeverria et al., 1989). Thus, it is likely to observe the decrease in
non-reducing sugars with storage (Asif et al., 2004). Among the different packaging
conditions, the highest non reducing sugars were recorded in packages having 12
perforations, which may be due to the modification of storage environment resulting in
increased CO 2 and low O2 concentrations (Wills and Kim, 1995), resulting in inhibition
of ethylene synthesis (Allende et al., 2007) and ripening (Smith, 1992). Since ripening
in strawberry fruit is associated with a decline of non-reducing sugars, the highest value
with 12 perforations reduces the decline in non-reducing sugar of strawberry fruit to
certain extent (Exama et al., 1993).

Total Sugars
The highest total sugars at dark red stage indicate that total sugars
concentration increases maturity during storage (Moing et al., 2001; Kirad et al., 2003).
The increase in total sugars could be as high as in fruit of full size (Cordenunsi et al.,
2005; Mahmood et al., 2012). Since, the total sugars of fruits is directly related to TSS
(Chang and Chang, 2010), the data on total sugars changes is in accordance with
changes in total soluble solids that were the highest at dark red stage of maturity and
the least at pink stage of maturity. The increase in total sugars from pink through red
and finally to dark red stage coincides with the increased in TSS as the strawberry fruit
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advances in maturity (Moing et al., 2001; Pineli et al., 2010). The increase in total
sugars was recorded when strawberry fruits were stored in packages having minimum
perforations while the maximum total sugars were recorded in unpacked condition. The
highest total sugars in unpacked fruit may be due to more moisture loss as compared
to perforated packages (Kirad et al., 2003). It is also possible that perforated packages
maintain desirable O 2 and CO2 concentration within the package that inhibits the
ripening process during storage (Wills and Kim, 1995). However, the higher total
sugars in unpacked (control) strawberry fruit may be due to moisture loss under such
conditions (Smith, 1992).

Titratable Acidity
The acid content is one of the important factors which determine the taste and
flavor of different fruits in fresh form as well as after storage (Wozniak et al., 1997). The
acid content of most fruits generally decreases with increase in storage duration
(Teruel et al., 2000) but decrease below a critical level may result in poor quality,
especially in acidic fruits such as strawberries (Usenik et al., 2008). The decline in
titratable acidity is significantly decreased by storage in modified atmosphere packages
(Kirad et al., 2003; Nunes et al., 1995) because low oxygen and high carbon dioxide
inhibit the activity of some enzymes responsible for the ripening of the fruits (Smith,
1992). Hence, the perforated packaging declined the ripening associated decreas e in
acidity of the strawberry fruit (Celikel et al., 2005).

Sugar Acid Ratio
A specific sugar/acid ratio is essential for characteristic flavor of a fruit (Kafkas
et al., 2007). The TSS/Acid ratio is, therefore, used as a sign of edible maturity
(Mahmood et al., 2012). The sugar/acid ratio is low, at the early stages of maturity
because of low sugar and high acid content that results in sour taste of fruits (Wozniak
et al., 1997). During the ripening process the fruit acids are used in respiratory
metabolism (Tahir et al., 2012), while the sugar content increases due to conversion of
sucrose to monomeric sugars and hydrolysis of polysaccharides (Echeverria et al.,
1989; Kafkas et al., 2007). Thus the sugar/acid ratio generally increases with advance
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in maturity (David et al., 2008; Muhammad et al., 2011). At advanced stage of ripening
(overripe fruits) lose its characteristic flavor due to low levels of organic acids and high
levels of TSS (Pineli et al., 2010). The retention of low sugar acid ratio in perforated
packages could be due to inhibition of ripening by creating modifying atmosphere within
the packages (Smith, 1992; Wills and Kim, 1995). However, decreased moisture loss
due to packaging may also be involved in low sugars/acid ratio, thus diluting the sugars
solution of the cells (Arifin and Chau, 1987).

Ascorbic Acid
During storage vitamin C (ascorbic acid) decreases up to 50% (Cordenunsi et
al., 2003) and the loss of vitamin C is enhanced by extended storage, high temperature
and low relative humidity (Seung and Kader, 2000). The decrease in vitamin C is
attributed to the activity of Ascorbate oxidase, the major enzyme responsible for break
down and loss of ascorbic acid (Saari et al., 1995). The number of perforations in
packages also affected the ascorbic acid content. Fruits stored in packs having 12
perforations had the highest ascorbic acid. In contrast packages having 24 perforations
which was comparable to control. Since modified atmosphere storage with high CO 2
and low O 2 concentration, inhibit the ethylene production and subsequent ripening and
loss ascorbic acid during storage (Smith, 1992; Wills and Kim, 1995) by decreasing the
activity of Ascorbate oxidase (Saari et al., 1995) it is likely to observe less decline in
packages with 12 and 18 perforations.

3.4. CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS
Harvesting at different maturity stages, packing and storage of strawberry fruits
in perforated packages having 18 circular perforations (0.5 cm) retained the quality
attributes by maintaining TSS, Sugars, Titratable acidity, Vitamin C and Sugar acid
ratio. It also decreased defective fruits to 2% and weight loss to 6% while the
marketable fruit was retained to a maximum level of 98% and the extended storage life
up to 10 days. On the basis of this study, strawberry fruit for immediate processing
should be harvested at dark red stage due to superior eating quality. It is further
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concluded that for distant markets and storage harvesting at red fruit stage is
appropriate for having good eating quality. Perforated packages of 18 circular
perforations, storage at (5±2°C) and 90% relative humidity proved to be the best for
retaining quality attributes of strawberry fruit during storage.

RECOMMENDATIONS
•

Strawberry fruits should be harvested at dark red stage for quick processing and for
distant marketing or storage, harvesting at red fruit stage is recommended.

•

Packing of strawberry fruits in packages with 18 circular perforations (0.5 cm) of size
(20x15 cm) and storage at temperature 5±2°C and 90% relative humidity is
recommended for maintaining the quality and storage life of strawberry fruit.

EXPERIMENT 4
INFLUENCE OF CALCIUM SOURCE AND CONCENTRATION ON THE
STORAGE PERFORMANCE OF STRAWBERRY FRUIT
Ijaz Akhtar and Abdur Rab
Department of Horticulture, The University of Agriculture, Peshawar, Pakistan.
January, 2014

ABSTRACT
The influence of various calcium (Ca) sources and concentrations on fruit storage was
evaluated in strawberry. Fruits were harvested at the red stage and dipped for 30
seconds into 0% (distilled water control), 0.5%, 1.0%, and 1.5% Ca solutions mixed
from calcium nitrate, calcium gluconate, or calcium chloride. While all three Ca sources
were effective in maintaining fruit quality during storage, 1.0−1.5% Ca from calcium
gluconate was the best treatment and resulted in the highest number of marketable
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fruit (100%), the longest shelf life (10 days), the highest total soluble solids
concentration (7.8%), and the least weight loss (5.4%). Ascorbic acid content, on the
other hand, was greatest (35.4 mg/100 g) when fruit were treated with 1% Ca from
calcium nitrate. Based on these results, a dip of 1.5% Ca from calcium gluconate is
recommended for maintaining fruit quality and prolonging shelf life in strawberry.

4.1. INTRODUCTION
The strawberry fruits are highly perishable due to high respiration, soft skin and
high moisture content and rapid weight loss (Park et al., 2005; Jouki and Khazaei,
2012). The postharvest life of strawberry fruit is very short (1-2 days) at room
temperature. Strawberry is also very susceptible to mechanical injuries, decay and
physiological deterioration after harvest, which reduces the profit margin for growers
(Ali et al., 2011).Thus, the Postharvest handling plays a very important role in shelf life
of strawberry fruit (Kader, 1991). An efficient postharvest management is essential to
preserve the fruit quality (Brummel and Harpster, 2001). The storage life of strawberry
fruits can be extended by various treatments and techniques such as pre cooling
(Debeaufort et al., 1998), waxing (Lester and Grusak, 2004), coating (Garcia et al.,
1998) and chemical application (Conway et al., 1994) combined with refrigeration
(Mitchell, 1985; Debeaufort et al., 1998).
Many types of chemicals/waxes are applied to fruits and vegetables after harvest to
decrease the rate of metabolism, water loss and diseases control (Lester and Grusak,
2004) or physiological disorders (Rab and Haq, 2012). In strawberry different types of
calcium salts are commonly used for the maintenance of quality and shelf life (Castello
et al., 2010). The most commonly used calcium sources are Calcium Nitrate (Ca(NO3)2,
Calcium Gluconate (C12H22CaO14) and Calcium Chloride (CaCl 2) (Asrey and Jain,
2004). Calcium application is reported to increase the shelf life of various fruits and
vegetables (Conway et al., 1994; Jan et al., 2013). The application of calcium to fruits
and vegetables has been reported to delays ripening, reduces postharvest decay,
controls the development of various physiological disorders and improve their
nutritional value (Poovaiah, 1986; Rab and Haq 2012; Haq et al., 2013). Different
concentration of calcium salts and ascorbic acid have been found to extend the shelf
life of strawberry fruit (Asrey and Jain, 2004). Calcium treated strawberry fruits retain
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sugars and organic acids during cold storage as well as retaining fruit firmness and
texture. (Castello et al., 2010), by decreasing the rate of respiration and ethylene
production (Cheour et al., 1991). Calcium application may delay fruit ripening and
senescence by delaying cell wall breakdowns associated with fruit softening (Glenn et
al., 1988).
The Strawberry fruit is also sensitive to several fungal diseases such as rhizopus rot
and leather rot (Kader, 1991; Pilar et al., 2006) and grey mold (Batta, 2007; Atress et
al., 2010), The application of calcium has also been reported to decreases storage
breakdown and rots (Hardenburg and Anderson, 1979) by improving resistance to
fungal attack (Lara et al., 2004). In Pakistan, most of the fruits, including strawberry are
marketed in fresh form due to limited processing facilities (Rauf et al., 1998). In the
peak production season the marketing of the bulk of fruits produced, results in lower
price (Bhatti, 1995). Since the strawberry fruit is highly perishable (Han et al., 2005),
postharvest management, including chemical treatment (Atress et al., 2010), storage
at low temperature with proper humidity and use of improved packing material can be
effective to reduce postharvest losses and increases the shelf life (Celikel et al., 2005).
While calcium application is reported to retain fruit quality, optimizing the calcium
sources and concentration may assist in retaining the quality and extending the shelf
life of strawberry fruit.
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4.2. MATERIALS AND METHODS
The experiment on the influence of Calcium sources and concentration on the
storage performance of strawberry fruit was conducted at Postharvest Laboratory,
Department of Horticulture, University of Agriculture, Peshawar, Pakistan during the
strawberry growing season from October 2007 to April 2008. Fifty fruit samples (50
fruits with calyx) at red stage of maturity were selected for each treatment and
replication. The fruit of strawberry cultivar “Chandler” were harvested at a uniform
maturity (red stage) and dipped for 30 seconds in each calcium salt solution. Calcium
solutions were prepared from three calcium sources (Calcium nitrate, calcium
gluconate and calcium chloride) with four concentrations 0% (distilled water), 0.5%,
1.0% and 1.5%. After drying, with a gentle air blower, the strawberry fruits were stored
for 8 days in perforated plastic packages (18 perforations of 0.5 cm diameter) of size
(20x15 cm) at 5±2°C and 90% RH. The required temperature and humidity was
regularly monitored and maintained inside the refrigerator during 8 days of storage.
The strawberry fruits were evaluated for different physical and chemical quality
attributes after 8 days of storage.

The weight loss of the fruits was estimated by weighing 250 g fruit and treating wit h
different calcium salts and respective concentrations. The initial weight of the samples
was recorded and stored at 5±2°C and 90% RH for 8 days. The fruit were weighed
again after storage and the weight loss was determined by the following formula:
Lossof sampleweight
Weight loss % =

x 100
Weight of sample

The marketable fruits (%) were estimated by counting the number of physically firm
and diseases free fruit after storage and the percentage calculated as given in the
following formula:
Number of marketable fruits
x 100

Marketable fruits % =

Totalnumber of fruits

121

To determine the influence of calcium sources and its concentration on the shelf life of
strawberry fruits, a separate set of 50 fruits with calyx were stored as described above.
The shelf life (days) was determined by observing the desirable fruit (compact, firm,
fresh and visually attractive) daily. A base line i.e. 15% loss in marketable fruit was
considered as the maximum shelf life.
Organoleptic evaluation of strawberry fruits was conducted after 8 days storage by a
panel of judges for fruit qualities as color, taste, aroma, texture and overall acceptability
as described by Larmond (1977). Scores were assigned to samples from 1-9 according
to fruit quality, with 9 representing like extremely and 1 for dislike extremely.

The total soluble solids contents of strawberry fruits was determined after storage by
using a hand held refractometer (Kernco, Instrument Co, Texas) according to the
method as described by the Association of Official Analytical Chemist (AOAC, 2005).
The juice from sample fruit was thoroughly mixed and a drop of juice was placed on
the slab of obrix refractometer and covered with a transparent led. The rotation was
observed through the eye piece of the equipment and reading was noted. The slab of
refractometer was thoroughly washed with distilled water between successive
readings.

Reducing and non reducing sugars were determined after storage by Lane Eynon
Method as reported by the AOAC (2005). Fehling-A solution was prepared by
dissolving 34.65 g of CuSO 4 in 500 ml distilled water. Fehling-B solution was prepared
by dissolving 173 g Sodium Potassium Tartarate + 50 g of NaOH in 500 ml distilled
water. Methylene blue was used as indicator.
Strawberry juice was extracted with locally made juice extractor. The reducing sugars
were estimated by taking 10 ml of strawberry juice sample was taken in 100 ml
volumetric flask and volume was made up to the mark with distilled water. The burette
was filled with this solution. Then 5 ml of Fehling-A and 5 ml of Fehling-B solution along
with 10 ml of distilled water was taken in a conical flask. The flask was heated till boiling
point and sample was added drop by drop from the burette. A few drops of methylene
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blue were also added as indicator. The reaction completion was recorded when the
color changed from red color persisted.
The concentration of sugars in sample solution was calculated by the following
formulas.
5 ml of Fehling-A + 5 ml of Fehling-B = X ml of 10% syrup solution = 0.05 g of reducing
sugar.
0.05x100
100 ml of 10% sample solution contain

Y g of reducing sugar
X ml

Y
Reducing sugar in sample =

x 100
10

Non reducing sugar in the sample was estimated by calculating the amount of reducing
sugars. Ten ml of strawberry juice sample was taken in 100 ml volumetric flask and the
volume was made up to the mark with distilled water. Of this solution, 0.20 ml was
taken in a flask and 10 ml of 1N HCL was added. The solution, heated for 5-10 minutes,
cooled and added with 10 ml of 0.1N NaOH and made the volume up to 250 ml. This
sample solution was taken in a burette and then 5 ml Fehling-A and 5 ml Fehling-B
solution with 10 ml of distilled water was taken in a conical flask and boiled. When
boiling started, it was titrated against the sample solution from the burette till changed
to brick red color. A few drops of methylene blue were added as indicator reaction was
continued till red color persisted for a while.
The concentration of non reducing sugars in sample was calculated by the following
formulas.
X ml of solution contains = 0.05 g of reducing sugar
250x0.05
50 ml of syrup solution contains

y g of reducing sugar
X ml

This 250 ml of syrup solution was prepared from 20 ml of 10% sample solution contain
Y x 100/20 = Pg reducing sugar
P x 100
100 ml of sample solution contain =

Qg of totalreducing sugar
10
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Qg of reducing sugar = inverted sugar + free reducing sugar
Non reducing sugar = Total reducing sugar – free reducing sugar.

Percent acidity of strawberry was determined after storage by Acid Neutralization
(AOAC, 2005). The strawberry sample of unknown acidity was titrated with a standard
0.1N NaOH solution. The completion of the reaction was visualized by using
phenolphthalein as indicator and light pink color showed the end point. The percent
titratable acidity was calculated as under:
0.1 NaOH Used x 0.0064
Acidity (%) =

x 100 x 10
AxB

A= Sample taken for dilution
B= Sample taken for titration
Acid factor= 0.0064
The sugar acid ratio of strawberry fruits after storage was calculated by the following
formula:
Total Sugars
Sugar/Acid Ratio

=
Titratable Acidity

Vitamin C (Ascorbic acid) after 8 days storage was calculated by Titrimatric Method as
described by AOAC (2005). The dye solution was prepared by dissolving 50 mg 2, 6
dichlorophenol indophenol and 42 mg sodium bicarbonate in hot distilled water and
volume made to 250 ml. The standard ascorbic acid solution was prepared by taking
50 mg of standard ascorbic acid in 50 ml volumetric flask and the volume was made
up to the mark. The 0.4% oxalic acid solution was prepared by dissolving 0.4 g oxalic
acid in hot distilled water in 100 ml volumetric flask and the volume was made up to
the mark.
The sample was titrated by taking 10 ml of strawberry juice in 100 ml volumetric flask
and volume was made by adding 0.4% oxalic acid. From the sample, 10 ml was titrated
against dye until light pink color persisted for 15 seconds. Three consecutive readings
were taken for each sample. The ascorbic acid was calculated by the following formula:
F xT x10 x100
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Ascorbic acid (mg/100 g) =

S
xD
mg of Ascorbic Acid

F = Factor for standardization =

mlof
dye

T = ml of dye used for sample
S = ml of diluted sample taken for titration D
= ml of sample taken for dilution.
Statistical Procedures Used
A two factorial experiment was laid out as randomized complete block design. The first
factor was (Three type of calcium salts) and second factor was four salt concentration,
each treatment was replicated three times. Data was subjected to Analysis of Variance
(ANOVA) technique. Significant means were further assessed for differences through
Least Significant Difference (LSD) test. Statistical computer software, Statistix-9 (USA)
was used for the data analysis.
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4.3. RESULTS AND DISCUSSION
RESULTS
To evaluate the influence of calcium sources and concentration on the storage
performance of strawberry fruit. The data were recorded on weight loss, marketable
fruits, shelf life, organoleptic evaluation, total soluble solids, reducing sugars, total
sugars, titratable acidity, sugar acid ratio and ascorbic acid. Data on these parameters
are described below:
Weight loss (%)
The weight loss of strawberry fruit was significantly affected by calcium salts and
concentration as well as the interaction of calcium salts and their concentrations (Table
4.1). The mean minimum weight loss (8%) was recorded in fruits treated with calcium
gluconate, followed by 9% with calcium chloride with the difference being non
significant, while the maximum mean weight loss (11%) was recorded in fruits treated
with calcium nitrate. The calcium concentration also significantly affected the weight
loss of strawberry fruit with the minimum weight loss (6%) recorded in fruits treated
with calcium concentration at 1.5%, followed by 9% (Table 4.1) with calcium
concentration of 1.0% while the maximum weight loss (12%) was recorded in fruits
treated with distilled water (control).
The interaction of calcium salts and concentration revealed that minimum weight loss
(5.5%) was recorded when strawberry fruits were treated with calcium gluconate at
1.5%, followed by 5.8% with calcium chloride at 1.5% with the difference being non
significant. The maximum weight loss (12%) was observed when strawberry fruits were
treated with control (Fig. 4.1).
Marketable Fruits (%)
Different types of calcium salts, calcium concentrations and their interaction
significantly affected the number of marketable fruits during storage (Table 4.1). The
mean maximum desirable fruits (95%) were recorded when strawberry fruits were
treated with calcium gluconate, followed by 93% with calcium nitrate, while the
minimum (89%) was recorded in fruits treated with calcium chloride. Calcium
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concentration also significantly affected the number of marketable fruit, with the mean
maximum (98%) recorded when strawberry fruits were treated with 1.5% calcium,
followed by 95% with 1.0% calcium while the minimum (86%) marketable fruits were
recorded when fruits were treated with distilled water (Table 4.1). The interaction of
calcium salts and calcium concentration also significantly affected the number of
marketable fruits. The highest marketable fruits (100%) was recorded when fruits were
treated with calcium nitrate and calcium gluconate at concentrations of 1.5% but
calcium gluconate was equally effective at 1%. Fruits treated with distilled water had
the least number (85%) of marketable fruits recorded (Fig. 4.2).
Shelf life (days)
The shelf life of strawberry fruits was significantly affected by the application of
calcium salts, their concentration and the interaction of salts and concentration (Table
4.1). The mean maximum shelf life of strawberry fruits (7 days) was recorded when
fruits were treated with calcium gluconate, followed by (6 days) with fruits treated with
calcium chloride and calcium nitrate treatment. The calcium concentration also
significantly affected the shelf life of strawberry fruits with the maximum shelf life (8
days) recorded with 1.5% calcium treatment, followed by (7 days) with 1% calcium
treatment while the minimum (5 days) was recorded when fruits were treated with 0%
and 0.5% calcium (Table 4.1). The interaction of calcium salts and concentrations
revealed that the shelf life of strawberry fruits increased from the minimum (4 days) in
control to the maximum (10 days) followed by 9 days in fruits treated with calcium
gluconate at 1.5% and 1% respectively (Fig 4.3).

Organoleptic Evaluation
The organoleptic quality of strawberry fruits was significantly affected by calcium
salts and their concentration. The interaction of salts and concentrations was not
significant (Appendix 4.4). The highest organoleptic quality score (6) was recorded for
fruits treated with calcium gluconate and calcium chloride while the minimum score (5)
was recorded with calcium nitrate treatment. The influence of calcium concentration
was also significant with the maximum (7) organoleptic quality score recorded with
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treatment with 1.5% calcium, followed by (6) with 1.0% calcium treatment as compared
to 5 score recorded with 0.5% calcium and control treatment (Table 4.1).

Total Soluble Solids (%)
The total soluble solids (TSS) of strawberry fruits were significantly affected by
treatment with calcium salts, calcium concentration and the interaction of calcium salts
and concentrations (Table 4.2). The highest TSS (8.5%) was recorded for fruits treated
with calcium chloride followed by 8.4% for calcium gluconate treatment. The least TSS
(8.3%) was recorded in fruits treated with calcium nitrate. The calcium concentrations
also significantly affected the TSS contents of strawberry fruit with the minimum (7.9%)
with 1.5% calcium concentration, followed by 8.2% with 1.0% calcium treatment. The
maximum mean TSS of strawberry fruits (9.2%) was recorded in fruits treated with
distilled water (Table 4.2). The TSS content of strawberry fruits also varied with the
interaction of calcium salts and calcium concentration with the least TSS (7.8%)
recorded when calcium gluconate at 1.5% calcium concentration, followed by 8.1%
with calcium nitrate at concentration of 1%, while highest TSS (9.2%) was recorded
with 0% calcium concentration which was at par with other calcium salts used in the
study (Fig 4.4).

Reducing Sugars (%)
The reducing sugars contents of strawberry fruits were significantly affected by
different calcium salts, calcium concentration and the interaction of calcium salts and
various concentrations (Table 4.2). Reducing sugars were the minimum (4.9%) in fruits
treated with calcium chloride, followed by 5.7% with calcium gluconate treatment, while
the maximum (6.2%) was recorded in fruits treated with calcium chloride. Calcium
concentration of 1.5% resulted in the least reducing sugars (4%) which increased with
decreasing calcium to the maximum (8%) in strawberry fruits treated with distilled water
(Table 4.2). The interaction of calcium salts and their concentrations revealed the least
reducing sugars (3.1%) in strawberry fruits treated with 1.5% calcium chloride, followed
by 4% recorded with 1% calcium chloride, while the highest reducing sugars (7.8%)
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was recorded in fruit treated with 0% calcium nitrate (distilled water), that was at par
with other salts (Fig 4.5).
Total Sugar (%)
The total sugars of strawberry fruits treated with different calcium salts,
concentration of calcium as well as interaction of calcium salts and calcium
concentration significantly affected the total sugars content of the fruits (Table 4.2). The
least total sugars (6.9%) were recorded with the application of calcium chloride,
followed by 7.2% in fruits treated with calcium gluconate, while the maximum total
sugars (8.3%) were recorded in fruit treated with calcium nitrate. The concentration of
calcium also resulted in significant variation in total sugars of strawberry fruit with the
minimum (5.8%) in fruits treated with 1.5% calcium which increased with decreasing
calcium concentration to the maximum of 9.6% in control (Table 4.2). The interaction
of calcium salts and concentration also significantly affected the total sugar content of
strawberry fruits. The lowest total sugars contents of strawberry fruits (5.1%) was
recorded with the interaction of 1.5% concentration and calcium chloride, followed by
(5.4%) with 1.5% concentration and calcium gluconate while the highest total sugars
(9.8%) was recorded in fruits treated with distilled water (Fig. 4.6).

Titratable Acidity (%)
The titratable acidity of strawberry fruits was not significantly affected by
different calcium salts, however concentration of calcium and the interaction of calcium
salts and concentration significantly affected the titratable acidity of strawberry fruit
(Appendix 4.8). The titratable acidity was the highest (2.2%) in fruits treated with 1.5%
calcium concentration, followed by 1.5% and 1.4% with 1% and 0.5% concentration
with the difference being non-significant between 1% and 0.5% calcium concentrations
but both were significantly higher than control (1.3%). The interaction of calcium salts
and calcium concentrations revealed the highest titratable acidity (2.4%) in strawberry
fruits treated with 1.5% calcium gluconate, followed by 2.2% with 1.5% calcium chloride
while the least titratable acidity (1.4%) was recorded with the application of distilled
water (Fig. 4.7).
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Sugar Acid Ratio
The sugar acid ratio of strawberry fruits was significantly affected by calcium salts and
calcium concentrations as well as the interaction of calcium salts and calcium
concentration (Table 4.2). The sugars acid ratio was the least (4.4) in strawberry fruits
treated with calcium chloride, followed by 4.7 with calcium gluconate, while the highest
sugar acid ratio (5.2) was recorded with calcium nitrate treatment. Treatment of
strawberry fruit with 1.5% calcium resulted in the minimum sugar acid ratio (2.6)
followed by 4.4 with 1% calcium concentration. By contrast sugar acid ratio was the
highest (6.9) in fruits treated with distilled water (Table 4.2). The interaction of calcium
salts and calcium concentrations resulted in the lowest sugar acid ratio (2.2) calcium
gluconate and calcium chloride at 1.5% concentration, followed by 3.3 with calcium
nitrate at 1.5% concentration (Fig. 4.8).

Ascorbic Acid (mg/100 g)
The ascorbic acid content of strawberry fruits was significantly affected by calcium
salts, calcium concentration and the interaction of calcium salts and concentrations
(Table 4.3). The highest ascorbic acid content of strawberry fruits (33 mg/100 g) was
recorded in fruits treated with calcium nitrate, followed by 30 mg/100 g with calcium
chloride while the minimum ascorbic acid content (26 mg/100 g) was recorded with
calcium gluconate treatment. Calcium concentration also significantly affected the
ascorbic acid content of fruit with the maximum ascorbic acid (32 mg/100 g) recorded
in fruits treated with 1.5% salts concentration, followed by 29 mg/100 g with 1% while
the minimum ascorbic acid content (28 mg/100 g) was recorded in fruits treated with
0.5% calcium concentration. The interaction of treatments resulted in the highest
ascorbic acid (35 mg/100 g) in fruits treated with 1% and 1.5% calcium nitrate, with the
difference being non-significant. The least ascorbic acid content (24 mg/100 g) was
recorded with 1% calcium gluconate (Table 4.3).
Table 4.1. Effect of calcium salts and calcium concentration on the physical
quality characteristics of strawberry fruit after 8 days storage
Treatments
Calcium Salts

Weight Loss (%)

Marketable Fruit (%)
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Shelf life
(days)

Organoleptic
Evaluation

Calcium Nitrate

11 a

93 b

6b

5b

8b

95 a

7a

6a

9b

89 c

6b

6a

0.28

1.61

0.90

0.35

0

12 a

86 d

5c

5c

0.5

10 b

90 c

5c

5c

1.0

9c

95 b

7b

6b

1.5

6d

98 a

8a

7a

LSD (0.05)

0.33

1.86

0.95

0.40

Calcium
Gluconate
Calcium Chloride
LSD (0.05)
Calcium concentration (%)

Calcium salts x Concentration
Significance level

**

**

*

NS

LSD (0.05)

0.57

3.23

1.07

-----

SxC

Fig: 4.1

Fig: 4.2

Fig: 4.3

-----

Means followed by similar letter(s) in column do not differ significantly from one another
** = Highly significant, * = Significant, NS = Non significant
S x C = Interaction of Calcium salts and Concentration
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Calcium Nitrate
Calcium Gluconate

14

Calcium Chloride

12
10

8
6
4
0

0.5

1

1.5

Calcium Concentration (%)

Fig. 4.1. Weight Loss (%) of strawberry, affected by calcium salts and concentrations.
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Calcium Nitrate
Calcium Gluconate

110

Calcium Chloride

100
90
80
70
60
0

0.5

1

1.5

Calcium Concentration (%)

Fig. 4.2. Marketable Fruit (%) of strawberry, affected by calcium salts and concentrations.
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Fig. 4.3. Shelf Life (days) of strawberry, as affected by calcium salts and concentrations.

133

Table 4.2. Effect of calcium salts and calcium concentration on the chemical
quality characteristics of strawberry fruit after 8 days storage
Treatments
Calcium salts

Total

Reducing

Total

Titratable

Soluble

Sugars (%)

Sugars

Acidity (%)

Solids (%)

Sugar acid
ratio

(%)

Calcium Nitrate

8.3 b

6.2 a

8.3 a

1.6

5.2 a

Calcium Gluconate

8.4 a

5.7 b

7.2 b

1.6

4.7 b

Calcium Chloride

8.5 a

4.9 c

6.9 c

1.6

4.4 c

LSD (0.05)

0.09

0.14

0.06

N.S

0.18

0

9.2 a

8a

9.6 a

1.3 c

6.9 a

0.5

8.3 b

6b

7.7 b

1.4 b

5.2 b

1.0

8.2 c

5c

6.1 c

1.5 b

4.4 c

1.5

7.9 d

4d

5.8 d

2.2 a

2.6 d

LSD (0.05)

0.10

0.16

0.07

0.07

0.21

Calcium concentration (%)

Calcium salts x Concentration
Significance level

**

**

**

**

**

LSD (0.05)

0.18

0.28

0.12

0.13

0.36

SxC

Fig: 4.4

Fig: 4.5

Fig: 4.6

Fig: 4.7

Fig: 4.8

Means followed by similar letter(s) in column do not differ significantly from one another
** = Highly significant, NS = Non significant
S x C = Interaction of calcium salts and concentration
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Calcium Nitrate

10

Calcium Gluconate
Calcium Chloride

9.5
9
8.5

8
7.5

7
6.5
6

0

0.5

1

1.5

Calcium Salts Concentration (%)
Fig.4.4. TSS (%) of strawberry, as affected by calcium salts and its concentration.

Calcium Nitrate

9
8
7
6
5
4
3
2
1
0

Calcium Gluconate
Calcium Chloride

0

0.5

1

1.5

Calcium Salts Concentration (%)
Fig. 4.5. Reducing Sugars (%) of strawberry, affected by calcium salts and concentration.
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Calcium Salts Concentration (%)
Fig.4.6. Total Sugars (%) of strawberry, affected by calcium salts and concentration.

Calcium Salts Concentration (%)
Fig. 4.7. Titratable Acidity (%) of strawberry, affected by calcium salts and concentration.
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Calcium Nitrate
Calcium Gluconate
Calcium Chloride

8
7
6
5
4
3
2
1
0
0

0.5

1

1.5

Calcium Salts Concentration (%)

Fig. 4.8. Sugar Acid Ratio of strawberry, affected by calcium salts and concentration.
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Table 4.3. Effect of calcium salts and calcium concentration on Ascorbic acid
content (mg/100 g) of strawberry fruits after 8 days storage
Calcium Salts

Calcium concentration (%)

Means

0

0.5

1.0

1.5

31 b

31 b

35 a

35 a

33 a

Calcium Gluconate

26 def

27 de

24 f

26 ef

26 c

Calcium Chloride

29 bc

27 de

28 cd

34 a

30 b

29 b

28 b

29 b

32 a

Calcium Nitrate

Means

LSD value at α 0.05 for calcium salts = 1.04
LSD value at α 0.05 for concentration = 1.21
LSD value at α 0.05 for calcium salts x concentration = 2.09
Means followed by similar letter(s) do not differ significantly from one another.
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Discussion
The influence of calcium sources and concentration on the storage performance of
strawberry fruit are discussed as follows:

Weight Loss
Weight loss normally occurs during fruit storage due to respiration, transpiration
and some processes of oxidation (Zhang et al., 2001; Ayranci and Tune, 2003). The
strawberry is highly perishable fruit due to high respiration rate and rapid weight loss
during storage (Park et al., 2005). The mean weight loss also declined with increasing
calcium concentration. The maximum mean weight loss observed in control declined
with increasing calcium concentration to the minimum with maximum (1.5%) calcium
concentration. The interaction of calcium sources and concentrations revealed that
while application of calcium from different sources decreased the weight loss, the
maximum decrease in weight loss was recorded with calcium gluconate (Atress et al.,
2010) at maximum concentration may be due to delaying enzymatic activities
responsible for moisture loss and senescence (Jouki and Khazaei, 2012). The superior
performance of calcium gluconate in decreasing weight loss can be attributed to its
hydrophobic nature which improves the water vapor barrier by providing hydrophobicity
to the surface (Han et al., 2004).

Marketable Fruit
Calcium is an essential component for cell function and tissue integrity (Conway,
1982). Calcium application is recommended for maintaining the postharvest quality of
fruits because it retard softening, deterioration rate and extend postharvest life
(Naphun et al., 2000; Jeong et al., 2001; Aguayo et al., 2006; Atress et al., 2010).
Among the various calcium salts under study, calcium gluconate resulted in highest
desirable fruits, followed by calcium nitrate while the least desirable fruits were
recorded with calcium chloride. It might be due to the reason that calcium gluconate
make a film on fruit surface and, thus, act as barrier to water loss as well as the
presence of glucose (Han et al, 2004). Since, high respiration and, thus loss of sugars
is an important factor in perishability of strawberry fruits (Park et al., 2005), the
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presence of glucose in calcium gluconate may contribute toward delaying senescence
(Jouki and Khazaei, 2012). Thus, calcium gluconate was more effective than other
calcium sources understudy (Alzamora et al., 2005). The greater effectiveness of
calcium gluconate is also evident from the observation that it was equally effective at
concentration of 1.0% and 1.5%. By contrast the effectiveness of all the salts increased
with increasing calcium concentration to 1.5%. The greater effectiveness of high salt
concentration could be attributed to increased calcium absorption at high concentration
(Goodarzi, 2009). It has also been reported that treatment of strawberry fruit with
calcium salts increased calcium content in the cell wall of the fruit tissue, which may
contribute to retaining the fruit firmness and quality (Garcia et al., 1998).

Shelf Life
Calcium application is providing a significant impact on the shelf life of various
fruits and vegetables (Conway et al., 1994). It is clear that calcium salts slow down
softening, deterioration rates and prolong shelf life of strawberry fruits (Asrey and Jain,
2004; Han et al., 2004; Lara et al., 2004; Aguayo et al., 2006). The significantly superior
performance with calcium gluconate, confirm the reports that it is more appropriate
source of calcium (Han et al., 2004). Since, calcium application to the calcium content
of strawberry fruit, higher calcium levels (1.5%) is more effective which resulted in the
maximum mean shelf life, probably by increasing the absorption of calcium by
strawberry fruits (Goodarzi, 2009). Since the calcium may be incorporated into the cell
wall of the fruit, higher fruit concentration maintains fruit firmness and quality (Garcia
et al., 1998). In treatments interaction, calcium gluconate at higher level increased the
shelf life (10 days). It has been reported about the use of different sources of calcium
and its role in shelf life extension. Shelf life of strawberry fruit can only be increased by
scientific postharvest handling including calcium treatment (Kirad et al., 2003). Calcium
application decreases storage breakdown, rot and hence prolong shelf life (Hardenburg
and Anderson, 1979).
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Organoleptic Evaluation
The fruit size, appearance, color, texture, flavour and aroma are important sensory
attributes of the strawberry fruit (Pineli et al., 2010) and generally evaluated during
organoleptic quality scoring (Sistrunk and Morris, 1985). Since calcium application maintain
fruit quality during storage (Chunran et al., 2005; Khosroshahi et al., 2007; Reza et al.,
2007). It is likely to observe higher quality score in calcium treated fruit. However, the
increase in quality score with increasing calcium concentration indicates that the influence
of calcium is concentration dependent (Cheour et al., 1991). Wang et al. (1993) suggested
that calcium is incorporated into the cell wall of fruits conferring resistance to pathogens.
Hence fruit treated with optimum concentration of calcium show no difference in acidity and
no visual signs of infection (Jouki and Khazaei, 2012). However, the superior influence of
calcium gluconate as compared to other salts could be due to the presence of glucose
which retained the quality of strawberry fruit (Han et al., 2004).

Total Soluble Solids
The minimum TSS with calcium gluconate can be due to its film forming properties
which decreases moisture loss, thus, does not allow the concentration of TSS (Han et
al., 2004). The TSS content generally increases with ripening of the fruit (Kader, 1991)
in part due to the solubilization of the cell wall polyuronides and hemicelluloses in
mature strawberry fruit (Pilar et al., 2008). Calcium dips result in higher calcium
concentration in strawberry fruits (Rosen and Kader, 1989). Since calcium delays
ripening in fruits (Asrey and Jain, 2004) by maintaining the structure and functions of
cell walls and membranes (Poovaiah, 1979). The minimum TSS recorded in fruits
treated with 1.5% calcium concentration may be due to the inhibition of fruit ripening
(Kader, 1991).

Reducing Sugars
Glucose and fructose are the main sugars of strawberry fruit (Kafkas et al, 2007;
Basson et al., 2010). Increase in reducing sugars during storage may be attributed to
the conversion of sucrose to glucose and fructose (Sturm et al., 2003) with a
concomitant increase in reducing sugars as the fruit advances in maturity and ripening
(Ruiz et al., 1997). The minimum reducing sugars recorded in fruits treated with higher
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level of calcium concentration and the maximum in fruits treated with distilled water
(control) clearly demonstrates that calcium treatment decrease the ripening associated
increase in TSS (Cordenunsi et al., 2003).

Total Sugars
The total sugars in strawberry fruit gradually increased toward maturity (Kirad et
al., 2003) and during storage (Pineli et al., 2010). The total soluble sugars of
strawberries may increase up to 30% during storage (Cordenunsi et al., 2005). Thus,
most of the fruits including strawberry show an increase in the concentration of sugars
with ripening and further at storage (Mahmood et al., 2012). Since calcium application
delay the ripening in strawberry fruit during storage (Cordenunsi et al., 2003; Asrey and
Jain, 2004). Thus calcium application at higher concentration is more effective in
delaying ripening and retaining total sugars at certain lower levels (Han et al., 2004).

Titratable Acidity
Generally titratable acidity decreases while pH increases during storage (Han et al.,
2004) and reaches to the lowest values during fruit senescence (Ghaouth et al., 1991;
Garcia et al., 1998). Postharvest application of calcium salts retain the titratable acidity
during storage (Goodarzi, 2009) Thus, the highest titratable acidity at higher
concentration of calcium may be due to decrease in loss of organic acids and hence a
decline in titratable acidity (Han et al., 2004). Among the different calcium salts, calcium
gluconate at higher level was more effective in retaining higher titratable acidity
(Aguayo et al., 2006).

Sugar Acid Ratio
A proper sugar/acid ratio is important for characteristic flavour of a fruit and is
used as a sign of edible maturity of fruits (Mahmood et al., 2012). During the ripening
process the fruit acids are used in metabolism, while the sugar content increases
(Kafkas et al, 2007), thus the sugar/acid ratio, generally increases during storage due
to further ripening (David et al., 2008; Muhammad et al., 2011). The highest sugar acid
ratio at control condition could be due to more moisture loss and concentration of total
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sugars which increases sugar acid ratio (Kader, 1991). Calcium chloride retained the
lowest sugar acid ratio as compared to other sources of calcium during storage, it may
be due to the reason that calcium chloride slow down the rate of respiration, moisture
loss and further deteriorative oxidation reaction (Goodarzi, 2009) as reported that
calcium application retained sugar acid ratio of the fruits during cold storage (Han et
al., 2004). At the initial stage of ripening, the sugar/acid ratio is low, because of low
sugars and high fruit acid contents (Wozniak et al., 1997).

Ascorbic Acid
Most of the fruits generally show reduction in vitamin C during postharvest ripening at
storage (Biale, 1960) and the decrease could be as high as 50% (Cordenunsi et al.,
2003). The main enzyme responsible for the loss of vitamin C is ascorbate oxidase
(Saari et al., 1995). Loss of vitamin C is also expedite by prolong storage, high
temperature and low relative humidity (Seung and Kader, 2000). Another reason for
this reduction may be due to high respiration rate of strawberry fruits (Garcia et al.,
1996). Among the various calcium salts, calcium nitrate retained the highest ascorbic
acid during storage may be due to reducing the rate of respiration and moisture loss
(Goodarzi, 2009). Calcium salts concentration at higher level retained the highest
ascorbic acid may be by delaying the overall ripening and senescence (Asrey and Jain,
2004). The lowering of vitamin C loss of strawberries treated with high calcium
concentration attributed to slowing down the respiration rate which delays the
deteriorative oxidation reaction of vitamin C (Debeaufort et al., 1998).

4.4. CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS
It can be concluded from this study that different calcium salts, calcium
concentrations and the interaction of calcium salts, calcium concentrations significantly
affected fruit quality and shelf life of strawberry. It retained the quality attributes by
maintaining, total soluble solids, reducing sugars, total sugars, titratable acidity,
ascorbic acid, sugar acid ratio and overall acceptability. While all the calcium under
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study and calcium concentrations were effective in decreasing weight loss, retaining
TSS and marketable fruits and extending the shelf life, Calcium gluconate at
concentration of 1.5% was more effective.

RECOMMENDATIONS
Strawberry fruits should be dipped in Calcium gluconate with calcium concentration of
1.5% for 30 seconds to retain quality and extend shelf life.

144

3. GENERAL CONCLUSIONS AND RECOMMENDATIONS
INTRODUCTION
Strawberry (Fragaria x ananassa. Duch) belongs to family Rosaceae and grown
through out the world (Childer, 1980; Salamat et al., 2013). The fruit is small in size,
sweet in taste, texture is soft, juicy, nutritious and flavorful (Kader, 1991). A good
source of vitamin C, astringent in immature stage and contain a range of minerals
(Johnson and Peterson, 1974; Lester et al., 2012). It can be grown successfully at
moderate, sub-tropical and tropical climates (Shoemaker, 1978; Rahman et al., 2014).
The climate of Khyber Pakhtunkhwa (KP) Province of Pakistan is suitable for
strawberry production (Parveen et al., 2012). Strawberry can be produced as a
perennial crop in cooler areas around 915 meter above sea level, but below 915 meter
it can be grown successfully only as an annual crop (Bird, 2002). Strawberry is a non
traditional and minor fruit crop in the country but due to its unique advantages, the area
of production is increasing (Rauf et al., 1998). There are some problems which needs
to be addressed properly.
PROBLEMS OF STRAWBERRY INDUSTRY
Strawberries are highly perishable in nature and longer time storage and distant
marketing is not possible. The shelf life at room temperature is about 1-2 days.
Research on postharvest aspects has been ignored on this highly perishable fruit in
Pakistan, the main focus was on varieties evaluation and nutritional requirement of
strawberry crop. There is also a severe shortage of fruit processing industries in Khyber
Pakhtunkhwa for the preservation of strawberries in jams, jelly, marmalade and
squashes. The strawberry growers unwillingly sell their produce in fresh form at a very
low price prevailing in the market during peak production period. Chandler is the only
commercial cultivar of strawberry grown in the whole country including Khyber
Pakhtunkhwa which produces fruit at the same time and create a glut in the market.
Strawberry growers are generally interested in high yield and give less attention
towards fruit quality. Strawberry growers are applying frequent irrigation and
nitrogenous fertilizer to increase the yield without taking care of fruit quality (Aslam and
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Rasool, 2012). Strawberry is a short duration crop and having a lot of advantages for
the growers. The most important benefit which a farmer can avail is its plantation and
harvesting periods which do not collide with the sowing and harvesting dates with other
crops due to which a farmer can easily manage its labor requirements. Keeping in view
the importance of strawberry fruits, the present study was initiated to evaluate the
influence of pre and post harvest management for the quality and storage performance
of strawberry fruit.
OBJECTIVES OF THE RESEARCH PROGRAM
1. To determine the influence of irrigation interval on strawberry fruit quality and
storage performance.
2. To determine the influence of maturity stages on the quality of strawberry fruit for
fresh consumption.
3. To determine the influence of harvesting stages and packing conditions on the
storage performance of strawberry fruit.
4. To determine the influence of different calcium sources and calcium concentration
on quality and post harvest performance of strawberry fruit.
EXPERIMENTAL PROGRAM
Four experiments were conducted during the strawberry growing season from
October 2007 to April 2008 in consultation with Department of Horticulture, The
University of Agriculture, Peshawar, Pakistan. The first experiment “Effect of irrigation
intervals on the quality and storage performance of strawberry fruit”, in this experiment
the influence of irrigation intervals at the rate of 4, 6, 8, 10, 12 and 14 days on the
quality and shelf life of strawberry fruit was studied. The second experiment “Effect of
fruit maturity stages on the quality of strawberry fruit for fresh consumption” In this
experiment fruits were harvested at three different stages of maturity (pink, red and
dark red) and the physicochemical quality were investigated. The third experiment
“Effect of harvesting stages and perforated packages on the quality and storage life of
strawberry fruit” In this experiment fruits were harvested at different stages of maturity,
pink, red and dark red. Three different maturity stages were also studied in combination
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with three different perforated plastic packages with 24, 18 and 12 circular perforations
of 0.5 cm diameter while one control treatment with no packing. The fourth experiment
“Influence of calcium sources and concentration on the storage performance of
strawberry fruit” In this experiment three different calcium sources, calcium nitrate,
calcium gluconate and calcium chloride with four level of calcium concentration 0%
0.5%, 1.0% and 1.5% were studied.
CONCLUSIONS
Strawberry fruits produced under deficit irrigation were superior in sensory
quality, firm in nature and longer shelf life. Increasing irrigation interval to 10 days
improves the quality attributes by increasing TSS, sugars and enhanced the storage
life. It can be concluded that strawberry cv. Chandler should be irrigated at the
maximum safest irrigation intervals of 10 days. The second part of the study concluded
that strawberry fruit should be harvested at a proper maturity stage to achieve
maximum quality attributes. Strawberry fruits harvested at red stage had optimum
moisture content, total soluble solids, TSS/Acid Ratio, titratable acidity, ascorbic acid
and organoleptic quality score (7) while highest TSS, TSS/Acid Ratio, and sensory
score (8) were recorded at dark red stage but the same stage had the least moisture
content, titratable acidity and ascorbic acid. It can be concluded that strawberry fruit
harvested at red stage were superior for most of the quality variables, hence should be
harvested at this stage for fresh consumption.
The third part of the study concluded that harvesting at different maturity stages,
packing in perforated packages and storage retained the quality variables by
maintaining TSS, sugars, titratable acidity, vitamin C and sugar acid ratio. It also
decreased defective fruits to 2%, weight loss to 6%, retained marketable fruit to 98%
and the extended storage life up to 10 days. Strawberry fruit for immediate processing
should be harvested at dark red stage. Harvesting at red fruit stage is appropriate for
distant markets and storage. Perforated packages having 18 circular perforations,
storage at (5±2°C) and 90% relative humidity proved to be the best for retaining quality
attributes of strawberry fruit during storage. The fourth part of the postharvest study
concluded that different calcium salts and its concentrations significantly affected
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strawberry fruit and shelf life. It retained the quality variables by maintaining, total
soluble solids, reducing sugars, total sugars, titratable acidity, ascorbic acid, sugar acid
ratio and overall acceptability. All the calcium sources under study and calcium
concentrations were effective in decreasing weight loss, retaining TSS and marketable
fruits and extending the shelf life, Calcium gluconate at concentration of 1.5% was
more effective.
1. RESEARCH RECOMMENDATIONS
1. The postharvest life and quality of strawberries should be evaluated in relation
to different irrigation methods especially sprinkler and bubbler and plant growth
regulators such as Auxin and GA application.
2. The influence of different coating material and modified atmosphere storage
need be elucidated.
2. MANAGEMENT RECOMMENDATIONS
1. Strawberry should be irrigated at 8-10 days interval, harvested at red stage of
maturity and stored in cold storage.
2. The strawberry fruit should be treated with 1.5% calcium, preferable from
calcium gluconate source to extend its storage life and retain physicochemical
quality attributes during storage.
3. Packing of strawberry fruits in perforated packages with 18 circular perforations
(0.5 cm) of size (20x15 cm) is recommended for strawberry growers
3. EXTENSION OF RESEARCH WORK
At present only Chandler variety of strawberry is used. It is important that new
varieties are introduced, evaluated for yield and quality and greater adaptation
of superior varieties.
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5. APPENDICES
Appendix 1.1. ANOVA for fruit weight (g) as affected by irrigation interval and storage duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
1.222
0.4075
Irrigation interval
Storage duration
Irrigation x Storage
Error
Total

5
1
5
33
47

93.531
19.051
7.280
15.057
136.142

18.7063
19.0512
1.4559
0.4563

41.00
41.75
3.19

0.0000
0.0000
0.0185

Appendix 1.2. ANOVA for fruit volume (cm3) as affected by irrigation interval and storage
duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
0.743
0.2476
Irrigation interval
Storage duration
Irrigation x Storage
Error
Total

5
1
5
33
47

75.562
41.070
13.095
2.347
132.817

15.1125
41.0700
2.6190
0.0711

212.49
577.47
36.82

0.0000
0.0000
0.0000

Appendix 1.3. ANOVA for fruit moisture (%) as affected by irrigation interval and storage
duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
3.30
1.10
Irrigation interval
Storage duration

5
1

237.69
1242.57
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47.54
1242.57

54.94
1436.19

0.0000
0.0000

Irrigation x Storage
Error
Total

5
33
47

113.41
28.55
1625.51

22.68
0.87

26.22

0.0000

Appendix 1.4. ANOVA for Organoleptic evaluation as affected by irrigation interval and storage
duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
3.417
1.1389
Irrigation interval
Storage duration
Irrigation x Storage
Error
Total

5
1
5
33
47

90.000
0.750
5.000
20.083
119.250

18.0000
0.7500
1.0000
0.6086

29.58
1.23
1.64

0.0000
0.2750
0.1761

Appendix 1.5. ANOVA for TSS (%) as affected by irrigation interval and storage duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
0.0839
0.02795
Irrigation interval
Storage duration
Irrigation x Storage
Error
Total

5
1
5
33
47

16.1061
8.7809
0.9738
0.2009
26.1455

3.22122
8.78085
0.19476
0.00609

529.07
1442.22
31.99

0.0000
0.0000
0.0000

Appendix 1.6. ANOVA for reducing sugars (%) as affected by irrigation interval and storage
duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
0.0673
0.0224
Irrigation interval
Storage duration
Irrigation x Storage
Error
Total

5
1
5
33
47

4.3741
11.7612
10.4560
1.4205
28.0791

0.8748
11.7612
2.0912
0.0430

20.32
273.23
48.58

0.0000
0.0000
0.0000

Appendix 1.7. ANOVA for non reducing sugar (%) as affected by irrigation interval and storage
duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
0.02073
0.00691
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Irrigation interval
Storage duration
Irrigation x Storage
Error
Total

5
1
5
33
47

2.72950
3.00000
2.263E-31
1.49737
7.24760

0.54590
3.00000
4.525E-32
0.04537

12.03
66.12
0.00

0.0000
0.0000
1.0000

Appendix 1.8. ANOVA for total sugars (%) as affected by irrigation interval and storage
duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
0.0316
0.01054
Irrigation interval
Storage duration
Irrigation x Storage
Error
Total

5
1
5
33
47

10.7732
2.8812
10.4560
3.4547
27.5967

2.15464
2.88120
2.09120
0.10469

20.58
27.52
19.98

0.0000
0.0000
0.0000

Appendix 1.9. ANOVA for titratable acidity (%) as affected by irrigation interval and storage
duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
0.16109
0.05370
Irrigation interval
Storage duration
Irrigation x Storage
Error
Total

5
1
5
33
47

0.43694
0.03000
3.949E-31
0.47516
1.10319

0.08739
0.03000
7.897E-32
0.01440

6.07
2.08
0.00

0.0004
0.1583
1.0000

Appendix 1.10. ANOVA for sugar acid ratio as affected by irrigation interval and storage
duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
1.7625
0.58751
Irrigation interval
5
5.5714
1.11428
4.38
0.0036
Storage duration
Irrigation x Storage
Error
Total

1
5
33
47

4.9537
7.1057
8.3976
27.7909
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4.95367
1.42114
0.25447

19.47
5.58

0.0001
0.0008

Appendix 1.11. ANOVA for ascorbic acid (mg/100 g) as affected by irrigation interval and
storage duration
Source
DF
SS
MS
F-cal
P-value
Replication
3
0.41
0.135
Irrigation interval
Storage duration
Irrigation x Storage
Error
Total

5
1
5
33
47

2441.57
138.21
14.40
0.66
2595.25

488.314
138.210
2.880
0.020

24483.6
6929.75
144.40

0.0000
0.0000
0.0000

Appendix 1.12. ANOVA for disease incidence (%) as affected by irrigation interval and storage
Source
DF
SS
MS
F-cal
P-value
Replication
3
18.833
6.277
Treatment
5
30.333
6.066
2.13
0.1174
Error
15
42.666
2.844
Total

23

91.833

Appendix 1.13. ANOVA for marketable fruits (%) as affected by irrigation interval and storage
Source
DF
SS
MS
F-cal
P-value
Replication
3
97.458
32.486
Treatment
Error
Total

5
15
23

241.208
132.292
470.958

48.241
8.819

5.47

0.0046

Appendix 1.14 ANOVA for shelf life (days) as affected by irrigation interval and storage
Source
DF
SS
MS
F-cal
P-value
Replication
3
1.333
0.444
Treatment
5
27.333
5.466
9.46
0.0003
Error
15
8.666
0.577
Total

23

37.333

174

Appendix 2.1. ANOVA for moisture (%) as affected by maturity stages at harvest
Source
DF
SS
MS
F-cal
P-value
Replication
2
0.044
0.022
Treatment
Error
Total

2
4
8

15.091
0.806
15.941

7.545
0.201

37.44

0.002

Appendix 2.2. ANOVA for sensory evaluation as affected by maturity stages at harvest
Source
DF
SS
MS
F-cal
P-value
Replication
2
0.888
0.444
Treatment
Error
Total

2
4
8

22.888
2.444
26.222

11.444
0.611

18.73

0.0093

Appendix 2.3. ANOVA for ascorbic acid (mg/100 g) as affected by maturity stages at harvest
Source
DF
SS
MS
F-cal
P-value
Replication
2
3.662
1.831
Treatment
2
518.642
259.321
657.43
0.0000
Error
4
1.578
0.394
Total
8
523.882

Appendix 2.4. ANOVA for TA (%) as affected by maturity stages at harvest
Source
DF
SS
MS
F-cal
Replication
2
0.002
0.001
Treatment
2
0.028
0.014
11.07
Error
4
0.005
0.001
Total
8
0.035

Appendix 2.5. ANOVA for TSS (%) as affected by maturity stages at harvest
Source
DF
SS
MS
F-cal
Replication
2
1.495
0.747
Treatment
2
1.182
0.591
6.49
Error
4
0.364
0.091
Total
8
3.042

P-value
0.0234

P-value
0.0555

Appendix 2.6. ANOVA for TSS/Acid ratio as affected by maturity stages at harvest
Source
DF
SS
MS
F-cal
P-value
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Replication
Treatment
Error
Total

2
2
4
8

0.01127
2.31140
0.01453
2.33720

0.00563
1.15570
0.00363

318.08

0.0000

Appendix 3.1. ANOVA for moisture (%) as affected by different stages of maturity and
perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
Maturity
Packages
Maturity x Packages
Error
Total

2
2

0.611
22.338

0.305
11.169

19.76

0.0000

3
6

24.840
36.750

8.280
6.125

14.65
10.84

0.0000
0.0000

22
35

12.433
96.974

0.565

Appendix 3.2. ANOVA for fruit weight loss (%) as affected by different stages of maturity and
perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
2
34.45
17.225
Maturity
Packages
Maturity x Packages
Error
Total

2
3
6
22
35

157.53
547.34
425.39
1011.13
2175.84

78.765
182.445
70.898
45.961

1.71
3.97
1.54

0.2034
0.0211
0.2111

Appendix 3.3. ANOVA for defective fruits (%) as affected by different stages of maturity and
perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
2
1.167
0.583
Maturity
Packages
Maturity x Packages
Error
Total

2
3
6
22
35

561.167
132.111
21.056
41.500
757.000

280.583
44.037
3.509
1.886

148.74
23.34
1.86

0.0000
0.0000
0.1334

Appendix 3.4. ANOVA for marketable fruit (%) as affected by different stages of maturity and
perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
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Replication
Maturity
Packages
Maturity x Packages
Error
Total

2
2
3
6
22
35

1.167
561.167
132.111
21.056
41.500
757.000

0.583
280.583
44.037
3.509
1.886

148.74
23.34
1.86

0.0000
0.0000
0.1334

Appendix 3.5. ANOVA for storage life (days) as affected by different stages of maturity and
perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
2
0.1667
0.0833
Maturity
Packages
Maturity x Packages
Error
Total

2
3
6
22
35

36.5417
16.7431
2.7361
4.5000
60.6875

18.2708
5.5810
0.4560
0.2045

89.32
27.28
2.23

0.0000
0.0000
0.0785

Appendix 3.6. ANOVA for TSS (%) as affected by different stages of maturity and perforated
packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
2
0.011
0.005
Maturity
Packages
Maturity x Packages
Error
Total

2
3
6
22
35

0.855
1.169
2.476
0.455
4.967

0.427
0.389
0.412
0.020

20.67
18.85
19.95

0.0000
0.0000
0.0000

Appendix 3.7. ANOVA for reducing sugars (%) as affected by different stages of maturity and
perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
2
0.338
0.169
Maturity
Packages
Maturity x Packages
Error
Total

2
3
6
22
35

38.295
1.748
0.682
1.040
42.103

19.147
0.582
0.113
0.0473
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405.07
12.33
2.40

0.0000
0.0001
0.0613

Appendix 3.8. ANOVA for non reducing sugar (%) as affected by different stages of maturity
and perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
2
0.013
0.006
Maturity

2
3
6
22
35

Packages
Maturity x Packages
Error
Total

2.162
0.163
0.489
0.269
3.098

1.081
0.054
0.081
0.012

88.16
4.45
6.65

0.0000
0.0137
0.0004

Appendix 3.9. ANOVA for total sugars (%) as affected by different stages of maturity and
perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
2
0.0088
0.0044
Maturity
Packages
Maturity x Packages
Error
Total

2
3
6
22
35

24.4219
0.9875
1.4984
0.6826
27.5993

12.2110
0.3292
0.2497
0.0310

393.57
10.61
8.05

0.0000
0.0002
0.0001

Appendix 3.10. ANOVA for titratable acidity (%) as affected by different stages of maturity and
perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
2
0.000
0.000
Maturity

2

0.745

0.372

213.83

0.0000

Packages

3
6

0.418
0.756

0.139
0.126

80.06
72.29

0.0000
0.0000

22
35

0.038
1.959

0.001

Maturity x Packages
Error
Total

Appendix 3.11. ANOVA for sugar acid ratio as affected by different stages of maturity and
perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
2
0.1121
0.0560
Maturity
Packages

2
3

35.0538
8.4741

17.5269
2.8247
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834.01
134.41

0.0000
0.0000

Maturity x Packages
Error

6
22

8.3102
0.4623

1.3850
0.0210

Total

35

52.4125

65.91

0.0000

Appendix 3.12. ANOVA for ascorbic acid (mg/100 g) as affected by different stages of maturity
and perforated packages during storage
Source
DF
SS
MS
F-cal
P-value
Replication
Maturity
Packages
Maturity x Packages
Error
Total

2
2
3
6
22
35

5.259
177.886
303.498
205.823
185.757
878.223

2.629
88.943
101.166
34.304
8.444

10.53
11.98
4.06

0.0006
0.0001
0.0068

Appendix 4.1. ANOVA for weight loss (%) of fruits as affected by different calcium sources
and concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts
2
35.268
17.6342
158.35
0.0000
Concentration

3

167.631

55.8770

501.76

0.0000

Salts x Concentration

6

15.388

2.5647

23.03

0.0000

Error

24
35

2.673
220.960

0.1114

Total

Appendix 4.2. ANOVA for marketable fruits (%) as affected by different calcium sources and
concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts
2
173.54
86.770
25.87
0.0000
Concentration
Salts x Concentration
Error
Total

3
6
24
35

712.57
140.77
80.51
1107.39

237.523
23.462
3.355

70.81
6.99

0.0000
0.0002

Appendix 4.3. ANOVA for shelf life (days) of fruits as affected by different calcium sources and
concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts
Concentration
Salts x Concentration
Error

2
3
6
24

12.841
76.060
24.802
56.762
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6.4204
25.3532
4.1336
2.3651

4.29
16.92
2.76

0.0268
0.0000
0.0373

Total

35

170.464

Appendix 4.4. ANOVA for sensory evaluation of fruits as affected by different calcium sources
and concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts
2
3.3114
1.65572
9.49
0.0009
Concentration
Salts x Concentration
Error
Total

3
6
24
35

22.3493
1.2173
4.1868
31.0649

7.44977
0.20289
0.17445

42.70
1.16

0.0000
0.3582

Appendix 4.5. ANOVA for TSS (%) of fruits as affected by different calcium sources and
concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts
2
0.19137 0.09569
8.84
0.0013
Concentration
Salts x Concentration
Error

3
6
24
35

7.71594
0.23852
0.25967
8.40550

2.57198
0.03975
0.01082

237.72
3.67

0.0000
0.0099

Total
Appendix 4.6. ANOVA for reducing sugars (%) of fruits as affected by different calcium
sources and concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts
2
9.1678
4.5839
154.85
0.0000
Concentration
Salts x Concentration
Error
Total

3
6
24
35

62.3143
3.1658
0.7105
75.3584

20.7714
0.5276
0.0284

701.67
17.82

0.0000
0.0000

Appendix 4.7. ANOVA for total sugars (%) of fruits as affected by different calcium sources and
concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts
2
12.1255
6.0627
1147.52
0.0000
Concentration
Salts x Concentration
Error
Total

3
6
24
35

73.2208
3.4407
0.1268
88.9137

24.4069
0.5734
0.0053

4619.61
108.54

0.0000
0.0000

Appendix 4.8. ANOVA for titratable acidity (%) of fruits as affected by different calcium sources
and concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts
2
0.02532
0.01266
1.88
0.1740
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Concentration

3
6
24
35

Salts x Concentration
Error
Total

3.82796
0.21659
0.16140
4.23128

1.27599
0.03610
0.00673

189.74
5.37

0.0000
0.0012

Appendix 4.9. ANOVA for sugar acid ratio of fruits as affected by different calcium sources and
concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts

2

4.0893

2.0447

33.73

0.0000

Concentration

3

86.7925

28.9308

477.30

0.0000

Salts x Concentration

6

3.3354

0.5559

9.17

0.0000

Error

24
35

1.4547
95.6720

0.0606

Total

Appendix 4.10. ANOVA for ascorbic acid (mg/100 g) of fruits as affected by different calcium
sources and concentration during storage
Source
DF
SS
MS
F-cal
P-value
Salts
2
330.266
165.133
109.25
0.0000
Concentration

3

69.840

23.280

15.40

0.0000

Salts x Concentration

98.604
36.276

16.434
1.512

10.87

0.0000

Error

6
24

Total

35

534.986

6. TREATMENT INTERACTION TABLES
Table 1.1. Effect of irrigation interval and storage duration on fruit weight (g) of strawberry
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
13.24 a
10.44 cd
11.84 a
6
11.77 b
10.09 d
10.93 b
8
11.14 bc
10.12 d
10.63 b
10
9.71 de
8.95 ef
9.33 c
12
8.22 fg
7.60 g
8.47 d
14
8.80 ef
8.14 fg
7.91 d
Means
10.48 a
9.22 b

Table 1.2. Effect of irrigation interval and storage duration on fruit volume (cm 3) of strawberry
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
18.46 a
14.56 e
16.51 a
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6
8
10
12
14
Means

17.38 b
16.12 c
15.23 d
14.87 de
13.21 g
15.88 a

14.92 de
14.64 e
14.04 f
13.74 f
12.28 h
14.03 b

16.15 b
15.38 c
14.64 d
14.30 e
12.74 f

Table 1.3. Effect of irrigation interval and storage duration on fruit moisture (%) of strawberry
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
92.28 a
80.43 e
86.35 a
6
91.82 ab
80.71 e
86.27 a
8
90.78 b
80.63 e
85.70 a
10
87. 03 c
82.45 d
84.74 b
12
87.52 c
78.77 f
83.15 c
14
87.35 c
72.73 g
80.04 d
Means
89.46 a
79.29 b

Table 1.4. Effect of irrigation interval and storage duration on organoleptic evaluation of
strawberry fruit
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
4.00
4.00
4.00 d
6
5.00
4.00
5.00 c
8
6.00
5.00
6.00 b
10
9.00
7.00
8.00 a
12
6.00
6.00
6.00 b
14
4.00
4.00
4.00 d
Means
6.00
5.00
Table 1.5. Effect of irrigation interval and storage duration on total soluble solids (%) of
strawberry fruit
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
6.58 g
7.96 de
7.27 e
6
7.62 f
8.71 c
8.17 d
8
7.87 e
8.60 c
8.24 d
10
8.70 c
9.37 a
9.04 a
12
8.60 c
9.25 b
8.93 b
14
8.03 d
8.64 c
8.34 c
Means
7.90 b
8.76 a
Table 1.6. Effect of irrigation interval and storage duration on reducing sugars (%) of
strawberry fruit
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Irrigation Interval
(days)
4
6
8
10
12
14
Means

Storage Duration (days)
0
8
5.35 g
5.73 ef
6.10 cd
5.94 de
6.27 bc
6.35 bc
5.47 fg
7.08 a
4.95 h
7.26 a
4.74 h
6.47 b
5.48 b
6.47 a

Means
5.54 c
6.02 b
6.31 a
6.28 a
6.10 ab
5.60 c

Table 1.7. Effect of irrigation interval and storage duration on non reducing sugar (%) of
strawberry fruit
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
2.05
1.55
1.80 b
6
2.28
1.78
2.03 a
8
2.26
1.76
2.01 ab
10
2.20
1.70
1.95 ab
12
1.76
1.26
1.51 c
14
1.67
1.17
1.42 c
Means
2.04 a
1.54 b
Table 1.8. Effect of irrigation interval and storage duration on total sugar (%) of strawberry
fruit
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
7.40 d
7.28 d
7.34 bc
6
8.38 ab
7.72 cd
8.05 a
8
8.53 ab
8.11 bc
8.32 a
10
7.68 cd
8.79 a
8.23 a
12
6.71 e
8.52 ab
7.62 b
14
6.42 e
7.65 cd
7.03 c
Means
7.52 b
8.01 a

Table 1.9. Effect of irrigation interval and storage duration on titratable acidity (%) of
strawberry fruit
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
1.33
1.28
1.30 bc
6
1.35
1.30
1.33 b
8
1.53
1.48
1.51 a
10
1.35
1.30
1.32 b
12
1.21
1.16
1.19 c
14
1.32
1.27
1.29 bc
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Means

1.35

1.30

Table 1.10. Effect of irrigation interval and storage duration on sugar acid ratio of strawberry
fruit
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
5.55 cde
5.67 cde
5.61 bc
6
6.17 bcd
5.90 cd
6.03 ab
8
5.55 cde
5.45 de
5.50 c
10
5.68 cde
6.76 ab
6.22 a
12
5.52 de
7.31 a
6.41 a
14
5.01 e
6.26 bc
5.64 bc
Means
6.22 a
5.58 b
Table 1.11. Effect of irrigation interval and storage duration on ascorbic acid (mg/100 g) of
strawberry fruit
Irrigation Interval
Storage Duration (days)
Means
(days)
0
8
4
61.21 a
56.14 b
58.67 a
6
52.43 c
48.39 d
50.41 b
8
48.20 d
44.23 e
46.21 c
10
43.23 f
40.08 g
41.65 d
12
40.41 h
38.16 i
39.28 e
14
39.10 j
37.21 k
38.15 f
Means
47.43 a
44.03 b

Table 3.1. Moisture (%) of strawberry fruits harvested at different stages of maturity and
stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink

Control
86.75 f

24
88.51 d

18
89.22 bcd
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12
91.03 a

88.87 b

Red
Dark Red
Means

89.80 abc
87.18 ef

90.47 ab
86.33 f

90.80 a
88.38 de

88.77 cd
90.26 ab

87.91 b

88.44 b

89.47 a

90.02 a

89.96 a
88.04 c

Table 3.2. Weight loss (%) of strawberry fruits harvested at different stages of maturity and
stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink
Red
Dark Red
Means

Control

24

18

12

23.65
10.39
21.74
18.59 a

13.21
12.35
20.33
15.30 a

11.00
14.59
20.18
15.26 a

8.02
10.17
5.63
7.94 b

13.97
11.87
16.97

Table 3.3. Defective fruit (%) of strawberry harvested at different stages of maturity and
stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink
Red
Dark Red
Means

Control

24

18

12

7.33
11.00
15.00
11.11 a

5.33
8.33
14.00
9.22 b

1.66
4.67
11.33
5.89 d

2.00
7.00
14.33
7.78 c

4.08 c
7.75 b
13.66 a

Table 3.4. Marketable fruits (%) of strawberry harvested at different stages of maturity and
stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink
Red
Dark Red
Means

Control

24

18

12

92.67
89.00
85.00
88.89 d

94.67
91.67
86.00
90.78 c

98.33
95.33
88.67
94.11 a

98.00
93.00
85.67
92.22 b

95.92 a
92.25 b
86.34 c

Table 3.5. Storage life (days) of strawberry fruits harvested at different stages of maturity and
stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink
Red
Dark Red
Means

Control

24

18

12

7.00
6.67
5.00
6.22 c

8.33
6.67
5.5
6.83 b

9.67
7.67
7.00
8.11 a

8.33
6.67
6.00
7.00 b
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8.33 a
6.92 b
5.87 c

Table 3.6. TSS (%) of strawberry fruits harvested at different stages of maturity and stored in
perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink
Red
Dark Red
Means

Control

24

18

12

8.20 bcd
9.03 a
8.97 a
8.73 a

8.40 bc
8.20 bcd
8.37 bc
8.32 bc

8.20 bcd
8.43 b
8.17 cd
8.27 c

8.27 bc
8.00 d
9.07 a
8.44 b

8.27 c
8.42 b
8.65 a

Table 3.7. Reducing sugars (%) of strawberry fruits harvested at different stages of maturity
and stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink
Red
Dark Red
Means

Control

24

18

12

6.19
6.07
8.49
6.91 a

5.89
6.10
7.81
6.60 b

5.77
5.46
7.94
6.39 bc

5.51
5.71
7.87
6.36 c

5.83 b
5.84 b
8.03 a

Table 3.8. Non reducing sugars (%) of strawberry fruits harvested at different stages of
maturity and stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink
Red
Dark Red
Means

Control
2.55 b
2.16 cde
2.26 cd

24
2.75 a
2.30 c
1.96 f

18
2.77 a
2.53 b
2.08 def

12
2.70 ab
2.64 ab
2.06 ef

2.32 b

2.34 b

2.46 a

2.47 a

2.69 a
2.41 b
2.09 c

Table 3.9. Total sugars (%) of strawberry fruits harvested at different stages of maturity and
stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink
Red
Dark Red
Means

Control
8.74 c
8.23 ef
10.75 a

24
8.64 cd
8.4 de
9.77 b

18
8.54 cd
7.99 f
10.02 b

12
8.21 ef
8.35 de
9.93 b

9.24 a

8.94 b

8.85 b

8.83 b

8.53 b
8.24 c
10.11 a

Table 3.10. Titratable acidity (%) of strawberry fruits harvested at different stages of maturity
and stored in perforated packages at 5±2°C (90% RH)
Perforation in packages
Means
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Maturity
Stages
Pink
Red
Dark Red
Means

Control

24

18

12

1.59 ef
1.54 fg
1.50 g

2.08 a
1.48 g
1.17 h

1.72 c
1.70 cd
1.63 de

1.93 b
1.91 b
1.62 e

1.54 c

1.58 c

1.68 b

1.82 a

1.83 a
1.66 b
1.48 c

Table 3.11. Sugar acid ratio of strawberry fruits harvested at different stages of maturity and
stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in packages
Means
Stages
Pink
Red
Dark Red
Means

Control
5.49 de
5.34 e
7.16 b

24
4.15 h
5.67 d
8.35 a

18
4.96 f
4.70 g
6.14 c

12
4.25 h
4.37 h
6.12 c

5.99 a

6.05 a

5.26 b

4.91 c

4.71 c
5.02 b
6.94 a

Table 3.12. Ascorbic acid (mg/100 g) of strawberry fruits harvested at different stages of
maturity and stored in perforated packages at 5±2°C (90% RH)
Maturity
Perforation in
Means
Stages
packages
Pink
Red
Dark Red
Means

Control
35.51 f
45.09 bc
38.72 def

24
38.38 ef
41.94 cde
37.37 ef

18
38.85 def
50.02 a
43.59 bcd

12
47.10 ab
44.13 bc
47.08 ab

39.77 b

39.23 b

44.15 a

46.10 a

39.96 b
45.30 a
41.69 b

Table 4.1. Effect of calcium salts and concentration on the weight loss (%) of strawberry at
storage
Calcium Salts
Calcium concentration (%)
Means
Calcium Nitrate
Calcium Gluconate
Calcium Chloride
Means

0

0.5

1.0

1.5

12.36 a
11.50 b
11.85 ab
11.90 a

12.15 a
8.63 d
9.4 c
10.06 b

11.44 b
8.17 d
7.47 e
9.03 c

6.57 f
5.45 g
5.84 g
5.95 d

10.63 a
8.44 b
8.64 b

Table 4.2. Effect of calcium salts and concentration on the marketable fruit (%) of strawberry
fruit at storage
Calcium Salts
Calcium concentration (%)
Means
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Calcium Nitrate
Calcium Gluconate
Calcium Chloride
Means

0
85 f
86.22 ef
87 def
86.07 d

0.5
90 cd
92.33 c
88.33 de
90.22 c

1.0
96 b
100 a
89 de
95.00 b

1.5
100 a
100 a
93 bc
97.66 a

92.75 b
94.63 a
89.33 c

Table 4.3. Effect of calcium salts and concentration on shelf life (days) of strawberry fruit
Calcium Salts
Calcium concentration (%)
Means
Calcium Nitrate
Calcium Gluconate
Calcium Chloride
Means

0
5.00 cd
4.00 d
5.00 cd
5.00 c

0.5
5.00 cd
5.00 cd
6.00 bcd
5.00 c

1.0
6.00 bcd
9.00 a
6.00 bcd
7.00 b

1.5
7.00 bc
10.00 a
8.00 ab
8.00 a

6.00 b
7.00 a
6.00 b

Table 4.4. Effect of calcium salts and concentration on the organoleptic quality of strawberry
fruit at storage
Calcium Salts
Calcium concentration (%)
Means

Calcium Nitrate
Calcium Gluconate
Calcium Chloride
Means

0
4.00
5.00
5.00
5.00 c

0.5
5.00
6.00
5.00
5.00 c

1.0
6.00
7.00
6.00
6.00 b

1.5
6.00
7.00
7.00
7.00 a

5.00 b
6.00 a
6.00 a

Table 4.5. Effect of calcium salts and concentration on TSS (%) of strawberry at storage
Calcium Salts
Calcium concentration (%)
Means
Calcium Nitrate
Calcium Gluconate
Calcium Chloride
Means

0
9.13 a
9.17 a
9.20 a
9.17 a

0.5
8.22 bc
8.36 b
8.36 b
8.31 b

1.0
8.10 c
8.30 b
8.20 bc
8.20 c

1.5
7.80 d
7.80 d
8.20 bc
7.93 d

8.31 b
8.41 a
8.49 a

Table 4.6. Effect of calcium salts and its concentration on the reducing sugars (%) of
strawberry fruit at storage
Calcium Salts
Calcium concentration (%)
Means

Calcium Nitrate

0
7.84 a

0.5
6.78 d
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1.0
5.80 f

1.5
4.42 i

6.21 a

Calcium Gluconate
Calcium Chloride
Means

7.13 c
7.47 b
7.48 a

6.10 e
5.43 g
6.10 b

5.06 h
3.87 j
4.91 c

4.36 i
3.13 k
3.97 d

5.66 b
4.97 c

Table 4.7. Effect of calcium salts and concentration on the total sugars (%) of strawberry fruit
at storage
Calcium Salts
Calcium concentration (%)
Means
Calcium Nitrate
Calcium Gluconate
Calcium Chloride
Means

0
9.80 a
9.40 c
9.60 b
9.60 a

0.5
8.81 d
7.73 e
6.69 g
7.74 b

1.0
7.57 f
6.38 h
6.16 i
6.17 c

1.5
6.81 g
5.35 j
5.10 k
5.75 d

8.25 a
7.22 b
6.89 c

Table 4.8. Effect of calcium salts and concentration on the titratable acidity (%) of strawberry
fruit at storage
Calcium Salts
Calcium concentration (%)
Means
0

0.5

1.0

1.5

1.42 defg

1.54 cd

1.50 cdef

2.06 b

1.63

Calcium Gluconate

1.36 g

1.40 efg

1.62 c

2.40 a

1.69

Calcium Chloride

1.37 fg

1.53 cde

1.52 cde

2.18 b

1.65

1.38 c

1.49 b

1.54 b

2.21 a

Calcium Nitrate

Means

Table 4.9. Effect of calcium salts and concentration on the sugar acid ratio of strawberry fruit
at storage
Calcium Salts
Calcium concentration (%)
Means
Calcium Nitrate
Calcium Gluconate
Calcium Chloride
Means

0
6.90 a
6.90 a
6.98 a
6.92 a

0.5
5.69 b
5.53 b
4.38 d
5.20 b

1.0
5.06 c
3.94 e
4.06 de
4.35 c

1.5
3.29 f
2.23 g
2.23 g
2.61 d

5.23 a
4.65 b
4.44 c

Table 4.10. Effect of calcium salts and concentration on Ascorbic acid content (mg/100 g) of
strawberry fruit at storage
Calcium Salts
Calcium concentration (%)
Means
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0

0.5

1.0

1.5

30.50 b

30.98 b

35.35 a

35.14 a

32.99 a

Calcium Gluconate

26.00 def

26.56 de

24.07 f

25.69 ef

25.58 c

Calcium Chloride

28.99 bc

26.85 de

27.93 cd

34.25 a

29.50 b

28.50 b

28.13 b

29.12 b

31.69 a

Calcium Nitrate

Means
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pH Determination of Strawberry sample
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Prof. Dr. Javed Ullah, from FS&T, UAP busy in Organoleptic Evaluation

Percent Acidity determination of strawberry samples
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Strawberry samples to be treated with calcium salts before storage

Strawberry samples stored in the Refrigerator
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Weighing of sample using a digital balance

Moisture % determination using oven drying method
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Strawberry at different maturity stages

Post-graduate students at Lab, observing samples
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Color development stages in strawberry fruit

A close view of strawberry field
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Grading of strawberry just after harvesting
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